





THE MUfATION THEORY 



BV THE SAME AUTHOR 


SPECIES AND VARIETIES, 
their Origin by Mutation. 

Soi'ond Edition, Corrected and 
Revised. Post Hvo, clotl), price 
‘ils. ru't. 

PLANT BREEDING. Comments 
on tln‘ l^xjH'nments of Ndsson 
and liurbank illustrated, fargi* 
irowi! H\o. cloth, price 7s. Gd. net. 



THE 


MUTATION- THEORY 

EXPERIMENTS ANE ORSKRVATIONS 

UK I 'll 

ORIGIN OF SPECIES IN THE VEGETABLE 
KINGDO.M 


HUGO DE VRIES 

rnoi'Essoj; or botany at amstrud^m 


TRANSLATED B\ 

PROI'KSSOK I [\ FARMKR AND A. 1) DARBlSHIRl!: 


VOLUME II 

THE ORl(;iN OF VARIETIES BY MUI'ATION 


wmi .NTMl Iiors ILLUSTRATIONS AND SIX OOLorilED PLITFS 


KEGAN PAUL, TRENCH, TRUBNER & Co. Ltd. 

Dkydjgn House. (Ikurakd SrKHKr, London, W 

IQI I 



ENi««feD AT Stationers^ Hall 
Copyright in the United States of America 



CONTENTS. 

PART I. 

THE ORIGIN OF HORTICULTURAL VARIETIES. 


I. The Significance of Horticultural Varieties in the 

Theory of Selection 3 

1. Variability in Garden Plants 3 

2. The Doctrine of the Increase in Variability in One 

Direction Brought About by Selection g 

II. Latent and Semi-latent Characters i8 

3. Eversporting Varieties 18 

4. Half Races and Half Curves 26 

5. Trifolium Pratense Quinquefolium, An Eversporting 

Race 36 

III. The different Modes of Origin of New Species 56 

6. Horticultural and Systematic Varieties and Elementary 

Species 56 

7. Progressive, Retrogressive and Degressive Formation 

of Species 65 

IV. The Sudden^ Appe.^rance and the Constancy of new 

Varieties . 76 

8 Examples of Constant Races 76 

9. Sterile Varieties ' 88 

10. Instances of Races which Have Arisen Suddenly in 

Nature 95 

11. Horticultural Varieties which Have Arisen Suddenly. 99 

V. Atavism 104 

12. Atavism by Seeds and Buds 104 

13. Vilmorin’s Suggestion as to the Origin of Striped 

Flowers 113 

14. ’^ Antirrhinum Majus Striatum 120 



IV 


'ontents. 


' PAGE 

15. Hesperih Matronalis 4 136 

16. Clarkia Pulchella •/ ^44 

17. Plaiitago Laiiceolata Ramosa ^4^ 

VI. Experimental Observation of the Origin of Varieties. . 161 

18. The Origin of Chrysanthemum Segetum Plenum i6p 

ig. Double Flowers and Flowerheads i94 

20. The Origin of Linaria Vulgaris Peloria ^01 

21. Heritable Pelorias 220 

VII. Non-Isolabije Races ^227 

22. Trifolium Incarnatum Quadrifolium 227 

23. Ranunculus Bulbosus Semi-Plenus 243 

24. Variegated Leaves 265 

25. Alternating Annual and Biennial Habit 291 

VIII. Nutrition and Selection of Semi-Latent Characters. 307 

26. Increased Nutrition Favors the Development of the 

Anomaly 3^7 

27. The Influence of External Conditions and of Manur- 

ing 315 

28. The Periodicity of Semi-Latent Characters 323 

29. The Choice of Seeds in Selection 332 

PART 11. 

THE ORIGIN OF ICVERSPORTING VARIETIES. 

I. Tricot vLors Races 343 

1. The Occurrence of Tricotyls as Half Races and Inter- 

mediate Races . ... 343 

2. Tricotyls, Hemi-Tricotyls and Tetracotyls 356 

3 The Influence of Tricotyly on the Arrangement of 

Leavo 365 

4 Tricotylous Half Races 379 

5. Tricotylous Intermediate Races Do Not Arise by Se- 
lection 393 

6 The Isolation of Tricotylous Intermediate Races .... 417 

7 Partial Variability of Tricotyly 444 

8. The Influence of External Conditions on Tricotyly , . 450 

II. Syncotylous Races 457 

9 Hemi-Syncotyly, Syncoiyly, Amphi-Syncotyly 457 

10. Helianthus Annuus Syncotyieus 466 

11. Improvement of a Hemi- Syncotylous Race 476 

12. Atavistic Races 481 



Contentsl 


V 


PACB 

13. The*InflHonce of External Conditions on Hereditary 


Values 485 

III. The Inconstancy of Fasciated Races 488 

14. The Inheritance of Fasciations 4^8 

15. Half Races with Heritable Fasciation 302 

16. Eversporting Varieties with Heritable Fasciation . . . 508 

17. The Significance of the Atavists 514 

IV. Heritable Spiral Torsions 527 

t8. Spiral Disposition of the Leaves 527 

19. Rare Spiral Torsions 537 

20. Spirally Twisted Races 543 

21. The SignificaiKC of the Atavists 554 

PART III. 


THE RELATIONS OF THE MUTATION THEORY TO 
OTHER BRANCHES OF INQUIRY. 

I. The Conception of Species According to the Theory 


OF Mutation 567 

1. Systematic Biology and the Theory of Mutation 567 

2. Progressive, Retrogressive and Degressive Mutations. 569 

3. The Theoretical Distinction Between Species and Va- 

rieties 578 

4. The Practical Conception of Species 589 

5. The Parallel Between Systematic and Sexual Relation- 

ship 592 

IT The Range of Validity of the Doctrine of Mutation. . 599 

6. The Significance of the Available Evidence 599 

7. The Explanation of Adaptations 606 

8 Vegetative Mutations 614 

ITT The Material Vehicles of the IdEREDiTARv Characters 631 

9. Darwin’s Pangenesis 631 

10. Intracellular Pangenesis 639 

II The Pangenes as Bearers of the Hereditary Char» 

acters 643 

IV. Geological Periods of Mutation 651 

12. The Periodicity of Progressive Mutations 651 

13. Iterative Formation of Species 661 

14. The Biochronic Equation 663 

Index 675 




LITERATI TRE. 

UST OF 'ITTE AtTTTTOR’S PVPERS BKAFiNC, ON THE THEORY OF 
INITIATION. 

fSce the I iff >yt thi tteguining of the First Volume.) 

a Tntraccllular Pangenesis Translated from die German by 

Prof. C. Stuart Gager Chicago . 1 he Opeti Court Pub- 

lishing Co., 1910. 

b. Fluctuating Varialiility and Mutability. 

Fine zweigipfchge Vanritions*. arve. Roi x' Auhiv fui Kntwicklnngsmechanik 
der Organismen, 1895, If, Heft 1 — Aichiv Neerl., 1895. 

?iir les courbes Galtonirnncs dcs monstruosites Bull sclent. France et Bel- 
gique, 1898, T. XW’ll, p 395 

0 \er bet omkeeren van halve Galton-curvcn Botanisch Jaarboek, Gent, 1898, X, 
n 27. 

lather Curvenselection bci Chrysanthemum segcliim. Ber. d d. bot. Ges., 1899, 
Bd. XVII. Heft 3. 

De zaailkweekeryen te Erfurt. TIet Nederlandsch Tuinbouwblad, 1891, p. 327. 
(iladiolus nanccianus, ibid, Vllt, Jan 1892 — Tulipa Grcigi, ibid., May 1892. 
— Caladinm, ibid , luly 1892. — CaladiumN van Alfred Blf.u, ibid., July 1892. 
— Dubbcle Seringen, ibid.. Sept. 1892 — Grootbloemige Canna’s I and 11 , 
ibid., Dec 1892 — Amaryllis, ibid, IX, Sept. 1893. 

c. Spiral Torsion.s. 

Ueber die Eihlichkeit der Zwangsdrehung. Ber. d d. bot. ( ics , 1889, VIII, p. 7. 
Fenige geva’Ien van Klemdraal by dc Meekiep. Bot. Jaarboek, Gent, i8qt, 
III, p 74 

Monogi-ajiiiie der Zwangsdreliungen. Jahtb. f. wiss. Bot., 1891, XXTII, pp. :j 
206, Plates II-Xl. 

Bydiagen tot de leer van den Klenulraai Bot. Jaarboek, 1892, IV, p. 145. 
nine Methode, Zwangsdrehungen aufFusuchen. Ber d. d. bot. Ges., 1894, B'l. 
XII, Heft 2. 

On Biasticpsis in Its Relation to Cultivation. Annals of Botany, 1899, XTTJ, 
P- 395* 

d Fasciations and Other Anomalies. 

Sur un spadue tubuleux du Pepcroinia maculosa. .Archiv. N^erl., 1891, T. 
XXIV\ p. 258. 



vlii 


I^iterature, 


Over dc erfelykbci der fasciatien. Bot. Jaarbock, Gent, i894,» VI, p. 7a. 

Over dc erfelykheid van synfisen. Bot. Jaarboek, 1895. VII, p. 129 . 
hrfclykc monstrositeiten in den ruilhandel dcr Bot. Tuinen. Bot. Jaarboek, 
1897, IX, ]). 6 

: <n epidemic van vergroenmgen. Bot. Jaarboek, i89<», VIII, p. 66. ^ 

rnn la cuUtirc dcs monstrviosites. Cps. rs. de I’Acad. des Sc.. Paris, 1899. 

Siir la culture dcs fasciations des especes annuelles et bisannuelles. Revue gene- 
rale de botaniquc, 1899, T. XI, p. 136. , 

tVher die Ahliangigkeit der Fasciation vom Alter bei zwcijalirigen Pflanzen. 
Bot. CentT alblatt, 1899, LXXV’II 

ITeber die Pcriodicitat partiOlcr Variationen. Bcr. d. d. bot. Ges., 1899, X\^IT, 
Heft J, |>. 45 

Ovfi liet perlodiscb optreden van anomalien op monstreiizc planten Bot. Jaar>, 
boek, 1890, XI, p. 46. 

Stir !.t penodicite des anomalies dans Ics plantes monslrtieuses Arcliiv Xc%rl., 
Sene U, 1 ’. III. 

^)vcr verdnbbeling van IMivIlofiodien Bot. Jaarboek, 1803. p. to8 
I’cbci lritot,vU Rassen. Ber d d bot ( «cs , 1902, Bd. XX, TIeft 2 . 


c Uiiil-Cliaractcrs. 

Viiam's (lO’uU'n regen (Cytisus Adamil Album der Natuur, 1894, 
l!vinidi/ing of .Monsti osities. Journ. Roy Hortic. Sot , 1899 
.Snr la fccondation bybridc dc I’albumen Cp^ rs. de I’Acad. dc Paris, 1899 
and Kef Biol ( entralbl , 1900 

Sur la fecondation bybridt dc I’cndospcime tbez Ic Mais. Revue generalc de 
hotanujiie, 1900, ' 1 '. XII, p 129 

Sur la loi de disjonction des liybiides. Cps rs. dr I’Acad. de Paris. 1900. 

Das .Spaltungsgeset/ der Bastaide Ber d d bot Ges., iqoo, Bd. X\'TfI, 

reft 3 

Ib'ber erbungleicbe Kreuzungen Ber d d bot Ccs , 1900, Bd W’TIT. 

I loft 9 

.Sm les unites des catarteres sptVifiques Revue generalc <le tKvtanique, 1900, 
I XII, p 

The T.nw of Separ.ation of Characters in Ciosses Tourn Roy. Hortic. Soc., 
19. >1. X\\ I’.iri \ 

Gn .\rtificial At.avism Proceed .\merit Hortic Soc., igoz. 

T.a loi de Vfvdki et bs < ai .acteres constants d^s hybiides. Cps rs dr V \cad 
lie r.iits, tgo.t 

\nwcndung dor Mntationstcbi e auf du B.tstardu nngsgesttze Be; d d bot. 
('»es, io« 3 . Bd \\ 1 , tt 4., 

Befruchtung uiitl Babiarduung, cm Noitrag. Leipsi. \ ett & Co. 





PART I. 


THE ORIGIN OF HORTICULTURAL VARIETIES. 




THE SIGNIFICANCE OF HORTICULTURAL 
VARIETIES IN THE THEORY OF 
SELECTION. 

§ r. VART ABILITY IN GARDEN PLANTS. 

Darwin based his theory of selection, in great part, 
on the well-known horticultural principle that new varie- 
ties are obtained by seeking for small deviations with 
subsequent isolation and selection. Variations which at 
their first appearance almost escape observation can be 
worked up by the skill of the gardener ; in doing so varia- 
bility is seen to increase, and in favorable cases, very 
rapidly. In this way a new form arises, which answers 
the purposes and rewards the labors of the breeder. 

We have all heard how beautiful double varieties 
have resulted from the appearance of single flowers in 
which only one stamen and this often only ])artially was 
transformed into a petal. 

In the first volume we dealt with this practice more 
than once, and pointed out how liable it is to give rise 
to misunderstanding when applied to the elucidation of 
the problem of specific differentiation ( Vol. I, § 23, pp. 
176-185). The object of the present Part is to collate 
the relevant data and to show what light they throw on 
this all-important problem. Of course we can only go 
.'>*0 far as the incomplete and scanty character of the 
material will allow. 
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The development of the statistical treatment of varia- 
tion which took place after Darwin's time, allows of an 
nltoirether different conception of the phenomena than 
Wai> possible some fifty years ago. It was shown that 
the fluctiuitron of characters is due to their development 
to a greater or less degree. But the character in ques- 
tion docs not vary in any other than these two directions. 
The variation is linear (Vol. I, p. 118). It increases 
or diminishes but creates nothing new. New' characters 
can arise, so to speak, alongside of it, but they arise 
inde])endcntly of the fluctuation of the old ones. 

This apjdies to the case before us. The variations 
which the horficitlfurist looks for and then works up 
are not variations of the old characters; such may indeed 
give rise, by selection, to improved races, but not to 
new types (Vol. I, p. 82). The required deviations are 
anomalies, as in the example of the origin of double 
flowers, just cited. When such an anomaly arises we may 
be sure that tlie new character already existed in the 
internal organization of the plant. Where it springs 
from and how it arose is a matter of indifference to the 
breeder: he has gnt it and can work it up. In other 
words: ‘‘Tlie first condition necessary for raising a nov- 
elty is to ])Ossess it” (\'ol. 1. p. 185). , 

In this connection two cases are distinguished in prac- 
tice according as one is dealing with apparently invariable 
forms, or with forms exhibiting a high degree of fluctu- 
ating variability. In the former case all that has to be 
done is to isolate the novelty and to free it of possible 
impurities introduced by crossing. If this can be done 
without much difficulty the varieiy is perfect and con- 
stant from the beginning and needh only a few years of 
multiplication before it can be put on the market I Vol. 
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I, pp. 77-80). Many white flowered v^arieties aflFord 
good examples of this kind of novelty. 

But it is very different with the second case. A nov- 
elty which exhibits fluctuating variability in a high de- 
gree seldom makes its first appearance in a full state of 
de\;elopnient. As a rule it is very slightly developed at 
first The novelty is l3etraye(l, as the expression is, by 
a quite small trace or indication. Fioni the scientific 
standpoint we have to regard this as a variant, 

1. e,, as an extreme variant in the minus direction of tlie 
new character (Vol. 1, p. 51). And it is plain that the 
seeds of such a variant of the new variety will, when 
sown in tlie garden, soon giv'e the mean value of the 
character in question. 

Tills process is, as we can eavSily see, fundamentally 
a phenomenon of regression (Vol. I, Figs. 18 and 19, pp. 
73 and 84) : Init to the breeder it is a progressive change, 
and by no means an inconsideralJe one, since on it the 
success of his operations largely depends. This apparent 
paradox, however, has been a great obstacle to the under- 
standing of these phenomena. But, to us, it explains in 
a very clear nay the initial and rapid increase in varia- 
bility: for it is obvious that an approximation to the 
mean \alue will take place much more easily and rapidly 
than a departure from it. 

The breeder can now either rest content with this 
“regressive advance’'; or he can endeavor to raise the 
new form above its mean value by choosing plus-variants 
as seed-parents. But in the latter case the value of the 
new form remains dependent on the continuance of se- 
lection (Vol. I, p. 80). 

Notes dealing with this process of breeding are not 
rare in horticultural literature, but they are generally 
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sliort and lack precision being much inferior in this re* 
si^ect to the accurate accounts that are given of artificial 
(Tossings. I shall bring together the most important 
facts that I have l^een able to find, in the following sec- 
tion ( S 2). 

In (Tcler to {x^iictrate more deeply into these phenom- 
(‘iia I ha\e endeavored to apply this method to a series 
of rasvs. With tlie help of control exi^eriments, and by 
keeping detailed records, I succeeded in finding out how 
Midi novelties usually develop themselves. Just as hap-* 
]>ens in jnactice, 1 was successful with some cases but not 
w it!i otliers. And the correspondence between my results 
and the experience of breeders seems to me to be so com- 
]>lete that my experiments may simply be taken as in- 
stances of the method under discussion. 


I pro])ose to distinguish, therefore, between highly 
^•ariable and only .slightly variable novelties. The lat- 
tci are gtMierally assumed to be instances of single var- 
iiUioHs uhich arise suddenly. In the case of these I 
shall, tlierefore, onlv have to discuss their origin and the 
'jnesiion of their constancy. (Chapter IV of this Part ) 
.Mudnnurc i.iiportam fn,n, the critical standpoint are the 
varieties with a hif,di dejtree of fluctuating variability, i. e., 
tliose very cases vvliich pa.ssed for instances of the origin’ 
ol new cliaractcrs hy artificial selection (Chapters II and 

n. .As examples of tin’s I refer to variegated leavts 
and to douhle and stri])cd flowers. 

if vve now compare, from a theoretical standpoint, 
this high variahility with the normal examples which we 
dv^ t vMth before (A^d. I, pp. 47-52 etc.) we shall .see 
I.at the two are no, ex.actly the same In variegated 
eaves the yellovv alternates with the green, in .semi-douhle 
flowers the ,x-taloul stameivs alternate with normal ones 
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and so forth. Therefore we are not here dealing with tte 
variable development of a single quality, but with th€ 
simultaneous operation, or rather with the conflict, of 
two qualities. For in proportion the one or the other 
* of them prevails the plant will be more or less variegated, 
double and so forth. One of the characters is the old, 
normal one, pertaining to the original species. The other 
ij^the new, abnormal one pertaining to the variety in pro- 
cess of formation, in tact the anomaly. And the conflict 
•of these two antagonistic types affords at least a partial 
explanation of tliis extraordinary variability. 

The green color itself is only very slightly variable, 
and the pure yellow or golden varieties, in which the 
green is entirely absent, are equally uniform (varietates 
aurcae, for example Pyrethrum Parthcnium aureuin). 
Of ''double’’ forms there are two types; the ordinary 
highly variable more or less double sorts, and on the 
other liand the sterile varieties which exhibit this peculiar- 
ity to its full extent in all their flowers (see Ranunculus 
acris pctalomana, Vol. I, Fig. 40, p. 194). In this case 
the types with a high degree of fluctuating variability 
might be considered as a connecting link between two 
almost invariable forms, the normal single and the pet- 
alomanous tyj^es. 

If we regard this principle as an explanation of the 
case in point we arrive at the conception of intermediate 
forms with turn antagonistic characters striving for the 
mastery, and possessing a remarkably high degree of vari- 
ability as a result of this struggle. The extent of this 
variability differs from case to case: in the most extreme 
examples whole organs or even whole individuals can 
come exactly to resemble one of the types. between which 
they oscillate. Pure green or, on the other hand, pure 
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yellow or even white leaves or seedlings are by no means 
rare in variegated vr>’*ieties. But the resemblance is only 
superficial. The green minus variant of the variegated 
does not belong to the original species, nor the yel-, 
low plus variant to the golden variety ; as may often be 
seen by sowing the seeds of such extreme types. , 

I projX)Se to call such varieties intermediate races, and 
if neither of the two antagonistic characters preponder- 
ates t(x> much over the other, balanced races or ever- 
sporting varieties^ (see § 3). 

If we attempt to make a statistical study and graph- 
ical description of the variability in such intermediate 
forms we must obviously not expect such simple and 
straightforward curves as those which describe the var- 
iability of normal characters (Vol. I, p. 48). In prin- 
ciple we may expect to obtain figures which simultane- 
ously exhibit the two magnitudes — that is to say com- 
pound curves such as have been studied by Ludwig, 
Bateson, Pearson, Davenport and others. It is evi- 
dent that they will present very different forms according 
to the mutual proportion of the two characters f see be- 
low §§ 3-5). At the same time it is clear that in such 
cases selection may lead to special results which will often 
l)e due to the impossibility of transgressing the characters 
of the two limiting types (see g 5 and Fig. 3). 

The two following generalizations may be derived 
from the facts we have been discus'^ing. 

1. Some horticultural varieties oroe their existence to 
a single new character. These are usually not more vari- 
able than the original species and as a rule jnst as con- 
stant from seed. Very frequently the novelty consists 
in the loss or latency of a character of the parent spe- 
*See Speeds and Varieties, Their Origin by Mutation, p 309. 
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cies. In cases where the origin of such a novelty is satis- 
factorily known it always happened suddenly. For the 
combination of several characters in the same variety 
see Vol. I, p. 197. 

2. On the other hand some horticultural varieties are 
compound types which owe their existence to the associa- 
tion of two {or more) antagonistic characters. The two 
characters tend to exclude one another more or less com- 
pletely and struggle for the upper hand; from this there 
•results a very high degree of variability in their mani- 
festation (as in variegation, stripes, doubleness and so 
forth). These forms usually first appear as minus var- 
iants, i. e., with a slight degree of development of the 
abnormality in which condition they are sought for and 
isolated and subsequently improved by selection. The 
artificial production, therefore, of such a form is not a 
sudden one but a process of gradual improvement. Their 
first origin however remains unknown. 

§2. THE DOCTRINE OF THE INCREASE IN VARIABILITY 
IN ONE DIRECTION BROUGHT ABOUT 
BY SELECTION. 

One of the most attractive parts of the doctrine of 
selection is that according to which variability may be 
increased by selection. Many observations, especially in 
horticulture, seem to support this view; which, if it were 
true would afford an almost irrefutable argument in favor 
of the prevailing belief in the omnipotence of natural 
selection (Vol. I, p. 119). 

Varieties are said to be incipient species. By selecting 
the individuals which deviate most from the type of the 
species it is believed to be possible to attain first to varia- 
tions and then to varieties. To these is ascribed the 
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tendency to become fixed and so to l^ecome races, in the 
same way these ra^es would later be transformed into 
.‘Species. 7"his is the generally accepted view. 

Iiis view is based, as I attempted to show in the first^ 
])arl of the^first volume, on an unwarranted extension 
of Darwin's theory of selection. Darwin argued from 
the results obtained in horticulture; but these, at least as 
de^^cribed in the woiks of the best authorities, do not 
seem to me to justify such an extension. 

iXcconling to the prevailing view, man has the power' 
to produce any desired amelioration in any species ready 
lo hand. All characters vary and all that need be done 
would be to isolate the extreme variants and to breed 
further from them. The process takes some time of 
course but in many species the experiment is already 
lasting about lialf a century. But the advances which 
have l)ecn made, and winch are of the very greatest prac- 
tical importance, do not tally with this assumj)tion. On 
the contrary we learn from them that for much that has 
been attained much has ])roved unattainable. 

The com])arative .studies of systematists show us that 
almost everywhere there exist unpercei)til>lc transitional 
stagis between the smallest differences and perfectly dis- 
tinct species, ddiis forms a weiglily argument for. but 
no proof of, the i)revalent view Vor we ha\e to reckon 
here with transgressive variability (Vol I, Part II, $5 .?5, 
p. IdO), which tends to blur the boundaries of related 
gn »ups. 

I have indicated in the foregoing section (H) the 
principles on which in my opinion an elucidation of the 
process in question must be based. If a stnall anomaly 
is found in a wild or cultivated s])ecies, and a new and 
constant form is raised from tins by selection, the wliole 
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sequence of events may have the appearance of having 
been gradually brought about by the free will of the ex- 
perimenter; whereas as a matter of fact the result was 
^attained mainly by good luck. 

If we look through the literature of horticulture we 
shj^ll soon see that this illusion has not taken in the really 
efficient breeder. He knows perfectly well that neither 
tlte beginning nor the end of such an experiment is under 
his control. It is only between these two limits that 
‘everything depends on his skill. 

The first indication of an anomaly in a pure species 
appears by chance ; and it is a well-known rule in horti- 
culture that the breeder should always be on the lookout 
for such chance occurrences. It does not matter how 
small the deviation is so long as it is an anomaly (p. 4). 
When such a deviation has once been found it lies with 
the breeder to perfect it and bring it to its full develop- 
ment. But the ever present, more or less considerable, 
fluctuating variations of normal characters are of no use 
for this purpose; l)y their means many varieties may be 
made 1)etler and prettier, but they can give rise to nothing 
really new. 

The best horticultural authorities are in agreement 
on this point. Carriere for example says : ''Uhorticnl- 
tour nc pent faire naitre Ics varictes/' and in greater de- 
tail in reference to double flowers: '^Lc point de depart 
dcs flours doubles est on dehors do notre puissance comme 
de nos calcids; nous ne pouvons rien, ou a peu pres rien, 
sur le fait initiatif; nous ne pouvons que le saisir lorsqu^il 
sc prhente; nous ne pouvons pas le provoquer ; Vest un 
effet, dont la cause nous est inconnue.”^ A well-known 

^ E. A. Carriere, Production et fixation des varietes dans les 
vSgHaux, i86s, p. 64 and p. 15. 
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English breeder, William Paul^ says:^ who is 
seeking to improve any class of plants, should watch 
rntrowly and seize with alacrity any deviation from the 

tixcd character However unpromising in appearance, 

at the outset, he knows not what issues may lie concealed 
in a variation.” Salter also said that the greatest diffi- 
culty lies in finding a small initial deviation ; but when this 
has once been found all the rest lies within our pow6r, 
however small the variation may be. And Darwin, who 
cites this,- always emphasized its great importance when- 
ever he had occasion to refer to it. 

In other words, which we have already often quoted: 
The main condition necessary to produce a novelty is to 
l)e ir. possession of its first step. 

And yet as is well known the attempt is not by any 
means always successful. Sometimes the variation dis- 
api>ears without leaving a trace behind ; in which case of 
course all further effoits to deal with it are in vain. 

Un fixable deviations of this kind are, according to 
my experience, the occasional manifestation of latent 
characters. WHiat the breeder wants to find arc those 
cases in which the chance anomaly has already become 
a heritable although hidden race. It this has happened 
the anomaly will, in the first place, easily manifest itself, 
if the conditions of life are not quite unfavorable and in 
the second can rapidly l)e developed to liie level of a good 
horticultural variety. 

So far as the available data enable us to judge, breed- 
ing ex|>eriments of this kind always follow the same 
course. Hosts of examples can l)c found. Itxtensive 

' Contrihutiofts to ffortirulturaJ Litruimrc, \ature Vel 

P 5«S ’ ^ ’ 

* f^ariaiioHA of ,t mmols and Plants, II, p 240. See also Part I 
p. S367 et *-eq. ‘ * 
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sowings repeated year after year avail nothing if chance 
does not play its part. Anemone coronaria plena arose 
in the nurseries of Williamson in England as a single 
plant, which exhibited a slight petaloid broadening of one 
of the stamens.^ From the seed of this specimen a race 
has been started, the flowers of which became fully 
double in the course of a few generations. The double 
varieties of roses. Campanulas, and many other garden 
plants have arisen in the same way. I saw a bed of 
• mignonette {Reseda odorata) some of which had double 
spikes, in a nursery at Erfurt. The spikes were fasciated, 
the flowers were broader and the whole plant fuller, more 
compaet and handsomer than the species. The plants of 
this bed had been produced from the seed of two fasciated 
specimens which had accidentally appeared the year be- 
fore. The nonual were weeded out and the abnormal 
saved and allowed to set seed with a view to putting a 
new variety on the market. 

In cases such as this, selection has a twofpld object. 
In the first place the variety must be isolated, — ^that is 
purged of the impurities resulting from free crossing. 
It must also be actually improved by selection. The first 
indications of doubling are, as we have seen, single super- 
numerary petals, or in composites single supernumerary 
ray florets on the disc ; the first indication of a new color 
is often very pale ; slit leaves and petals are indicated by 
quite small invaginations, combs (Vol. I, p. 191) appear 
as small outgrowths. All these qualities had to l 3 e im- 
proved by selection up to the level of the mean of the 
character and then even perhaps beyond. 

An improvement of this kind, when once started, is 
effected not only rapidly but with increasing swiftness. 

Darwin, loc. cit,, IT, p. 269. 
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Hence the illusion of an increase in variability. The ex- 
jJanation is simply this that, as shown in tlie preceding 
section (§ 1), we first find a minus variant of the new 
(*!'}:* t'acter, whi 'h, in accordance with the law of regres- 
sion, approaches not the character of tlie old species but 
the mean value of the new variety, as soon as it is iso- 
lated. And tliis takes place easily and swiftly since the 
new variety in <iiis case behaves like an improved race 
on the cessation of sehetion or under reversed selection 
( Vol. 1, S 14, p. 122). 

The pn)gress made by this im])rovement and through 
the ])urification from the results of crossing is often so 
rapid that it can 1>e expressed in terms of a geometrical 
series. This generalization does not attain to the rank 
of a law, but my meaning will become clearer by citing 
an example. Hofmeistkr .-.owed the seeds of plants of 
Papaver stniimfcrum polyccplialuni^ which he had found 
gn>\ving between normal examples of tlie species. ]1\ 
selecting the fruits wliich were richest in su])ernumerarv 
carpels, hut without isolation, he effected the followa’ng 
increase in the number of abnormal examples in the suc- 
ceeding generations * 


Year: 

1863 

1864 

1865 

1866 

1867 

I^ercentaj^e of abnormal plants. 

ti'r 

17^? 

27% 

69% 

97% 

(k*ometric senes: 

8 

16 

32 

64 

aoo) 


These figures, as we see. do not diifer considerably 
fiom a ge<»metric seues. I dn not l.iv much str'^ss on 
the fact, but I ha^e myself more than once obtained 
similar series of figures in bleeding experiments. 


The limits that can lie reached a^c as little under the 

control of the Ineeder as the starting points that had to 

[AUgemewe Morcholof^ir, P 5 f>S See onr Fit? 27 nn n n.q of 
the first volume; aNo Hoftn! \nx. /?../ 7<7a' . n w .and 
LOT. Production ct fixation dcs roiutes p xS 



Increase in Variability in One Direction, 


15 


l^e waited for. This is most forcibly brought out by the 
fact that numerous horticultural varieties are still at 
exactly the same leve] as they were at the time of their 
introduction. The most vigorous selection continued over 
long periods of time has only rarely succeeded in effecting 
a further improvement in the same direction. We are 
familiar with hosts of variegated plants, but Aiirca vari- 
eties are very rare. Flowers with petal omany are sterile, 
and tlie plants can only be multiplied by vegetative meth- 
X)(h. But it is quite clear that this difficulty is by no means 
the cause of their rarity. Amongst composites we occa- 
sionally find isolated heads without tongue florets, but 
how small is the number of divScoid varieties. I once 
found an example of Coreopsis tinctoria in my cultures, 
which exhil^ited only some spare ray florets, but although 
I isolated the plant, the abnormality did not reappear 
from its seed. CatacoroUa (an outward doubling of the 
corolla so as to form lappets) occurs almost only as a 
commercial race in Gloxinia superba. Fistulous compo- 
sites are rare ; there is room on the market for monoph- 
yllous and laciniate varieties of many species, if only we 
could make them. But so long as chance does not put 
lliem into our hands, all our labor is in vain. 

Nevertheless, all plants no doubt possess numerous 
latent characters. Any culture carried out on a sufficiently 
large scale, or continued for several years, will give con- 
vincing proof. In fact it is often very difficult to keep 
races free from anomalies. Agrostemma Githago, Raph- 
anus Rhaphanistrnm and many other species contain an 
almost inconceivable number. Amongst garden plants 
desirable novelties must obviously be rare now because 
they must have been already found and put on the market ; 
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useless and indifferent anomalies are common enough, 
especially in exter 'ive cultures. 

When a new horticultural variety has been isolated 
. jd ‘‘fixed,'' that is to say improved and rid of impuri- 
ties by a ♦few years’ cultivation no considerable further 
improvement in the same direction is to be expected. 
Only two ways of progress are still at hand. These are 
to wait for the cJiancc appearance of a new abnormality 
in tlie same strain, or to combine the new character with 
others by crossing. The former method is dependent* 
on chance and therefore often unsatisfactory. The sec- 
ond is almost sure to succeed, and thus it is always chosen, 
h'acli new character is immediately transferred to nu- 
merous other vai ieties of the species and a corresponding 
number of novelties obtained in this way. Thus Le- 
MoiNE trau'^ferred the double flowers of a single double 
lilac to several dozen varieties, and the Cactus Dahlia 
was, very soon after its introduction, obtainable in almost 
every shade of color and doubleness. Ordinarily this 
jirocess is descri^>ed in the opposite way — ^that is to say, 
it is claimed that the properties of tlie old varieties are 
transferred to the new type. In this way tliere ap])ears 
a east s<*ries of varieties forming a new group co-exten- 
sive with the older forms <.)f the original species. Thus 
a single new character can double the number of varieties. 
Petunias, Zinnias and Fuchsias are familiar examples of 
the apfdication of tins method in former times. Gladiolus, 
Bcijonia and many others of its recent application. The 
ostrich-feather Chrysanthemum (with ciliated petals'! 
arose about thirty years ago in a single variety (Alph. 
HardyT but can now be obtained in large numbers of 
forms. 

The doctrine of the onesided inrnvise of variability 
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by selection is basedj therefore, as far as the available 
data enable us to decide, on the existence of strains with 
heritable but hitherto latent characters. Such races are 
highly variable, and their existence is betrayed when they 
first are met with, by trifling anomalies which however 
car\ easily be worked up by selection. As a result they 
rapidly depart from the type of the species but only be- 
cause they approach their new type : and as soon as this 
has been reached by isolation or exceeded by selection 
‘it is just as difficult to effect any further improvement 
as in ordinary improved races. These varieties cannot 
he evoked at will; we have to wait till they chance to ap- 
pear. Nor when once fully developed can we improve 
them further. Nothing but chance — ^that is to say some 
unknown factor — can as yet overstep these tivo limits) 
selection can effect no more than the most transparent 
illusion of any thing approaching complete control. 
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§ 3. KVERSPORTLNG VARIETIES. 

Before 1 proceed to deal with the results whicli liave* 
))een oiitained, in horticuluire, with these highly variable 
variehes it is desirable, in order to clear up the concep- 
tions involved, to fix our attention on the various stages 
which may be interj)olated between a species and a simple 
and constant variety derived from it. 

Wq will start from the fact that the chance appear- 
ance of an anomaly by no means always opens up the 
way to the acajuisition of a novelty. One examine out of 
many will suffice. Pitchers (logs. 16, 106, and 109, Vol. 
I, pf). 61, dro, 484) are usually found as quite rare and 
is(^lated variations,^ but in some s])ecies of ])]ants, such 
as Maf/nolia and 'filia, toleraljly frequently. But a vari- 
ety as rich in these structures as, for exam]'«le, Trifolinin 
pratense qtiinqticfoliiuii is in 4- and 5-merous leaves does 
not exist, although ii would obviously attract attention 
and pay the trouble of breeding experiments. “ 

This shows that an amniialv discovered Iw chance 
may 1 k‘ the exi)ression o{ a latent character wliich cannot 
1 k‘ brought t<^ its full state of developmtnt. Besides this 

’Over (le erfclvkheid van synfiseii, Kruidkundfs: J larhock Gent 
1895, P- 129. . , , 

’A variety of Pims rei^iriosa, with all changed into 

pitchers, has since been introduced into Kiiri)pe hv Mr. Prain, the 
Director of Kew-gardens, ( Note of igio.) 
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extreme but very common mode of appearance two other 
cases are possible, according to my experience : 

1. When the seeds of an abnormal individual are 
sown the anomaly is repeated from time to time in a few 
or more individuals, remaining rare or only appearing 
in ^ feeble state of developnieiit. Selection may improve 
it, but only to a very inconsiderable extent. 

•2. Under favorable circumstances the anomaly may 
increase rapidly both in the degree of its development and 
!n tlie number of individuals which present it. A so-called 
constant race is formed in the course of a few genera- 
tions. It is subject to a high degree of fluctuating vari- 
ability in respect to the character in question and is 
largely dependent on cultivation. 

I propose to term the first type of characters scini^ 
latent and to distinguisli amongst latent characters be- 
tween the genuine completely latent ones and those which 
occasionally come to light or the semi-latcnt ones. This 
term refers to the behavior of the character in the race as 
a whole; a semi-latent character may remain latent in 
many individuals and organs and be active in others. 
A true latent character on the other hand only very 
rarely becomes active. 

If we study these three cases statistically, trying to 
plot the variation of the anomaly in the form of a curve 
(p. 8) we generally obtain the following results: 

First case. The genuine latent characters appear so 
rarely that they do not afford sufficient material for a 
curve. 

Second case. Semi-latent characters must be studied 
in combination with their antagonistic active characters, 
and are expressed by half curves (Fig. 1, p. 28), from 
which a two-sided curve may be derived by selection 
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(Fig. 2, p. 34) » the apex of which however does not 
f)ccome very distant from that of the half-curve. 

Third case The characters are first expressible by 
halt curves because they are minus variants; but after 
isolation flie curve very soon becomes a two-sided one 
with a new apex. The new variety reaches its full^de- 
veloimient and is maintained without further selection. 

A schematic j)resentation of the conflict between two 
antagonistic character.'! is given below ; 


The 7if)rma) character is; 

The anomaly is; 

^ • active 

latent. 

active 

semi-latent. 

An equilibrium is maintained. 

• semi -latent 

active. 

^ latent 

active. 


1 <!« not of course supixtse that ikj further cases are 
iv)ssihle. tliat tlierc may not for example be various stages 
of scmilateiicy. 1'he facts at our clisjtosal do not admit of 
any such delinile statement. On the other hand it must 
■c slated tliat tlie .scheme 1 have given covers the cases 
which liave lK;en so far collected : we shall soon see large 
nnmhers ol examples of the main ca.ses, whereas of others 
1 iKive not yet lonnd any. 

Ill IlK- iiUivc lal.l,. I rciirescnts tiie normal 

|.|■||,■lllal >|.rac,. ai„l V tlic sliehily variable and conalan 
varielv , erivcd from i,. The .liree olher nnn.liers re,«- 

II ”0 correspond to a.-tualiu whilst t!ie fourth 
me.ely follows from the scheme. I am rather doubtful 
a.s to Its occurrence in nature. * 

It is necessary to introduce special names for the 
first two intermediate forms. I shall therefore -,11 ,1 
both intermediate races, one of whicli-Xo. If.l " 
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call a half race, and No. Ill a middle race, ihe word 
race is obviously not used here in the sense of an im- 
proved rare (Vol. I, p. 80) but simply means a heritable 
form. Instead of middle race I «hall usually employ 
the more convenient term of eversporting variety.^ 

JTwo examples to which reference has already been 
made will serve to illuminate the foregoing discussion. 

• EXAMPLES. 

VARIEOATET) I-KAVES. DOUBLE FLOWrERS. 

J. Original species. Green. Simple. 

II. Half 'race. Rarely variegated. Occasional petaloid 

stamens. 

Til. Eversporting variety. Var, variegata. Var, plena. 

V. Constant variety. Var. aurea. Var. petalomana. 

The parallelism of these two groups rests on the 
assumption that the same character appearing in a state 
of full development would give rise to the constant golden 
and to the fully double varieties;^ and that it is by their 
mixture with the antagonistic character that variegated 
and half-double varieties arise. The object of this as- 
sumption is solely to present the matter more clearly; 
for in cases of segregation the characters behave slightly 
differently (see p. 124). 

There are many examples of half races and ever- 
sporting varieties; the former constitute a very con- 
siderable part of the material of teratology and afford 
suitable material for the experimental study of monstros- 
ities. The same holds good for many eversporting vari- 
eties, and I shall have to recur to this point in the second 
part of this volume with especial reference to twisted 
stems and fasciations. Half races as a rule exhibit their 

* See Species and Varieties, Their Origin by Mutation, Chapters 
XI-XV, pp. 309-459. 

*See § IQ and especially § 24 (on variegation). 
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abr^jrniality too s^ldon to be of any use, or at any rate 
t<. be of more that of secondary value, in horticulture, 
the other hand the eversporting varieties highly con- 
life to the diversity among horticultural plants. Nu- 
merous varieties with variegated leaves, with striped or 
(loul)Ie flowers, with double heads amongst the coippo- 
sites, belong to this group. The Formac cristatae of many 
fenis, the combs in llie flowers of Primula siucnsis, C*yf- 
lamcit persinwi, Begonia etc., the polycephaly of Papaver, 
the catacr)rolla of Gloxinia superba, and a series of otliel* 
more i>r less rare instances may also ])e adduced. 

It is, obviously, not necessary that all the forms named 
sliould exist for every ])air of antagonistic characters. 
In many cases the intermediate races are absent and in 
otliers one or two of them. It is, likewise, not necessary 
that the pure ty])e corresponding to a certain intermediate 
race should exist. We can, in such cases, very often 
reconstruct it 1)v tlie help of analogy. The following 
are instances which will l>e described more fully later on 
in this ])art, in which the corresponding constant vari- 
ety is .still failing. 


S 1 *KCII‘.S. 

Tnfoiium pratensr 

Trt (oh u /// / nca main /// 
Niinunculu^ buihosus 
C 7/ AT uinfht'fHum inoticnttn 
Ch rysa nthemu m segetu m 


IIAI.I'-RACK. 

wiki f< ur-leaved 
clover 

T i . quadt ifohntn 
A\ h. semipiejms 
unknown 

C. s. grandiflonun 


IIVKK SPORT! Nr. 

V \RIKT\ 

T. p quivqucfohuw 

unknown. 

unknown. 

C t. pUfiissiminfi. 
C. s. plenum. 


Calllut paliistris furnishes another instance; it ex- 
hibits in nature a half race with supcrniinierurv jwtals 
and is represented on the market Iiy a nnifuiinly double 
sterile variety exhibiting petalomany. LamcUui japoiiicu 
presents the two ty|H‘s of doubling iji different varieties. 



Eversporting Varieties. 


23 


The remarkable fistulous and monophyllous varieties, so 
well known as examples of partial atavism, are further 
instances of eversporting types (Vol. I, Fig. 38, p. 193, 
and Fig. 15 of this volume), together with the viviparous 
grasses {Poa alpina vivipara, Poa bulbosa vivipara, etc.) 
and, a number of other viviparous forms such as Agave 
vivipara and so forth. ^ If the constant variety corre- 
sponding to a certain inteniiediate race does not exist, 
this latter is usually classed as a variety in the case of 
fniddle races, but as a heritable anomaly in the case of 
half races. 

Tt is, furtlier, very probable that many natural spe- 
cies which attract attention by the high degree of vari- 
ability of some particular character are feally in a w^ay 
intermediate races, i. e., that they owe their multiformity 
to the co-existence of two antagonistic characters. In- 
stead of entering further into this very attractive subject 
I sliall content myself with citing the case of Acacia 
diversifolia which owes its name and its nature to the 
conflict between the two characters of bipinnate leaves 
and flattened petioles without leaflets (phyllody of the 
stalks). 

The question of the constancy of these intermediate 
races is a very important one. I propose to deal with 
it wlien referring to individual cases in detail; and the 
only general statement I shall make now is that both con- 
stant and inconstant intermediate races exist. On the 
one hand there are those cases in which an overstepping 
of the limits between these two races is apparently as 
rare as the mutations by which new species arise, and 

/See Goebel. Or gano graphic, I, pp. 153-159; E. H. Hunger, 
Uchcr cimge vivipare PHansen. Diss. Rostock, 1887. Bot. Jahresber., 
1888, T. XVT, J, p. 421, and also, especially, Clos, in Actes du congrds 
international de botanique, Paris, Sept., 1900, p. 7. 
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in which at least, in spite of every precaution and care, 
1 have not yet succeeded in obtaining the one race from 
the other. {Trifolium incarnatum quadrifolium, T. pra- 
' 'f - quinquefolium, Ranunculus bulbosus semiplenus.) 
On the other hand are those races which when cultivated 
on a sufficiently large scale give rise every year to indi- 
viduals which seems to overstep the otherwise fixed lim- 
its of the race. These are therefore inconstant inlser- 
mediate races. I regard this phenomenon as one of 
atavi.sni, at any rate in those cases where, as in my owtf 
observations, they revert from an eversporting variety 
to the tyjx: of the parent species without however ac- 
quiring the constancy of the latter. Atavistic phenom- 
ena of this kind are well known in striped flowers and 
variegated leaves; and I have also found very striking 
examples of it in Linaria vulyaris pcloria and Plantago 
hinccolata raiiiosa (§20 and § 17). 

Besides the cases which fall into the two categories 
just (lisettssed, I succeeded in finding a third in which one 
intennediate race .arose from the other very rarely and 
only in isolated cases. I have seen two cases of this .so 
far. One was the origin of Linaria vulyaris pcloria from 
L. V. hcmipcloria (§ 20) ; the other was the formation 
of the double Chrysanthemum scyctum plenum (Plate 
11). from C. s. yraudiflorum with 21 instead of 13 
tongue-florets (§ 18). Linaria vulg. pcloria is prohal.ly 
an intennediate race, on account of its inconstancy; 
whereas L. viily. hcmipcloria (with stray jteloric flowers) 
is obviously a half race. The origin of the former from 
the latter presumably occurs in nature from time to time. 
My Chrysanthemum scyctum plenum is a uo\elty in the 
horticultural sense of the term, ix-ing just as double as 
the double varieties of other comper-ites; so far as 1 
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know it has not as yet arisen anywhere else. It consti- 
tutes an eversporting variety like a number of other 
double composites which are analogous to it; and arose 
in my experimental garden, not from the original species, 
but from a variety known in the trade as C. s. grandi- 
flomm, which forms a first step towards it in respect of 
the number of its tongue florets, and is therefore to be 
regarded as a half race.^ 

Let us now briefly summarize the foregoing dis- 
cussion : 

1. There exist b(jth in the cultivated state and in 
nature a series of forms which are either not constant 
or highly variable, a state of affairs which is probably 
due to the interaction of two antagonistic characters. 

2. Of these two characters one is to be regarded as 
normal, that is to say, as belonging to the parent species ; 
the other as the abnormal. 

3. Where the former preponderates, teratological half 
races with their half curves are the result. 

4. If the two maintain an equilibrium, there are 
formed what I have called middle races, intermediate 
races, or eversporting varieties, of which many examples 
are to be found amongst garden varieties and “heritable” 
teratological races. 

5. The high degree of fluctuating variability of the 
eversporting variety, its occasional discovery in nature 
and in cultivation, and the possibility which it affords 
of the working up of striking novelties by means of iso- 
lation and selection, afford an explanation of the major- 

^The numerous apices of the curves describing variation in the 
number of rays in composites, which have received no explanation 
so far, tend however to make the application of this conception diffi- 
cult. 

See also the origin of Dahlia variabilis Ustulosa in my cultures 
(§ II, p. 100. 
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ity uf the phenomena whicli led Darwin to his theory of 
the slow transfomiaiion of species. For at that time it 
was believed that the inception of this process was to 
‘K bjught in the variation of a character already exist- 
ing, whereafT as a matter of fact the variation in question 
is independent of the fluctuation of the existing ckar- 
aciers. 

6. Fhe origin of a constant variety or a new species 
amid be easily imagined to occur in this way: First a 
half race would arise from a pure race, then from this 
half race a middle race and lastly, from this latter, a new 
constant form. But this would be pure fancy, since it 
is without any basis of fact. Besides in many cases, the 
intermediate stages are entirely wanting. 

§ 4. RACKS AND HALF CURVES. 

d1ic study of anomalies must be based on the theory 
that external factors can only be efficient in altering the 
form of the plant if the power to react to them (or the 
potentiality for the change) is already present^ ‘'ddic 
induction of nialforniations by external causes is no inorti 
than the manifestation of latent jmtentialitiesf’ says GoE' 

IlKL.- 

h.\erv ])lant ])ossesses a wliole host of such latent 
potenlialities. A single ])lant of PhiniiUjo lanccolata may 
i)e nwiosa, stipitata, and hractcata\ it may have split 
leaves and pitchers composed of one or two leaves; and 
it may exhibit abnormal tvvdvSting and f<'>rked ears, or 
present a whole series of other anomalies. The seeds of 
a single self-ferlili/ed plant will veiy idden give rise to 

’ See hitraii'llula) c rangcuesis, p 194, 

“CrOEiihL, p. 158 
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a whole series of malfonnations. Many cultivated plants, 
such as Cyclamen, Pelargonium and Fuchsia, are particu- 
larly productive of such abnormalities. 

The internal factors may either be latent or semi- 
latent. In the former case the characters are either not 
manifested, or only exceptionally, as in the pinnate leaves 
of the red clover (Fig. 46) and as in the numerous 
causes of pitchers which have been found once, or only 
at long intervals, in the same species. In the second case 
•they appear more or less regularly, often yearly, and in 
many specimens. For example I have observed the for- 
mation of pitchers on Magnolia ohovata in the various 
botanical gardens which I have visited; and this species 
as well as its near allies bears pitchers with us every 
year.^ 

In both cases these potentialities are heritable. This 
is proved by their frequence in the case of the semi-latent 
characters and ;*endered extremely probable in that of 
the latent ones by their occasional reappearance. 

Latent and scmi-latcnt characters constitute zvhat we 
may call the outer range of the forms of a species. The 
inner range of forms consists of the normal characters 
of a species which are exhibited during its normal life 
or are only induced by such common stimuli as wounds, 
mutilations, darkness, or the uncovering of subterranean 
organs and so forth. They are part of the innermost 
essence of the species. But the countless latent charac- 
ters Mong just as much to the essence of the species, 
especially when they have formed part of the inner range 
in some remote ancestor and are therefore atavistic. And 
it is just this outer range which presents the best indica- 

’ Over (ie erfelykheid van SynHscn, Bot. Jaarb. d. Gesellsch. Do- 
doiiaca, Gent, 1895, p. 129. In the course of ten years I have observed 
about 100 pitchers on Magnolia. 
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ti<ms of descent and therefore of systematic relationship. 
It fully deserves and repays the attention given to it, as 
( Kf.AK0WSKY ’s admirable papers show. It is to be hoped 
^.ihers will, following the lines laid down by Hein- 
kic HER, undertake the task of rendering these characters 
more amenable to study by cultivation, and so biing an 
increased number of them to light. 

The manifestations of latent characters are so rare 
j that they scarcely ever lend 

/ themselves to statistical study 

/ (p. 19 ). When they recur 

\ from time to time they are 

, i / seen to be extremely vari- 

; \ / able, since as a rule even the 

' \a ^ rarest anomalies are not 

\ / ([uite the same each time 

I \ / they appear. It is easily seen 

I \ /in such cases that the varia- 

I \ A bilitv is a unilateral one ; but 

; \ / i construction of curves 

I usually fails owing to the 

riR. T. Half Curve.’ A, material. 

/HiluAtiKs c'lirvc- the mtni- The half raccs are much 

Ikt of petals in 416 flowers. . - , . , . 

n, li’ci^clia auiabihs, Citr\e nioie favorable in this re- 
n'I«. MS deviations 
are hy no means so very rare. 
.\. a rule tlie normal character still preponderates, but 
material sufiicient for statistical study can often be found 
without difficulty. It shows clearly that the variation 
is a unilatend one. The apex of the curve is the mean 
of the normal character, and the deviations all lie on the 
same side. .Xiul in ordinary ca.ses they are less numerous 
’ Bcr. d. d hot Ges . V0I XIT. 1804. P iQr. Plate X. 
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the further they deviate from the type of the species. 
Fig. I gives a couple of examples at A and B. A gives 
the number of petals of Caltha palustris in a locality not 
far from Hilversum; the flowers, where the species is 
pure, are pentamerous. But in this place there occurred 
flowers with 5-8 petals in the following proportions : 

Flowers with 5 6 7 8 Petals. 

• Relative number 72% 21% 6% 1% 

Weigclia amabilis, also, has normally pentamerous 
"flowers ; but it often varies in a minus direction. I found 
in 1145 flowers on three bushes in our garden (Fig. IB): 

Number of slips in the corolla 3 4 5 

Number of flowers 61 196 888 

Half curves differ from the half of a normal curve 
because the height of the mean, i. e., the number of nor- 
mal cases, is too great. Such curves do not display the 
variability of the character given by the highest ordinate, 
but that of another character which is concealed in the 
normal flowers.^ 

Half- or unilateral curves are widely distributed in 
nature. Where they occur they point to the existence 
of half races. Nevertheless middle races can, under cer- 
tain circumstances, as we have already pointed out (p. 20) 
exhibit half curves; just as, on the other hand, the half 

^Half curves are therefore compound curves. Their apex cor- 
responds to the mean value of the normal character ; their flank is the 
expression of the semi-latent character. If the normal character, in 
the material at our disposal, does not vary it has no curve of its own, 
which accounts for the absence of a flank on the other side. This 
for example is the case for curves based on numbers, when the nor- 
mal number is constant or practically constant as in the case of the 
three-leaved clover or pentamerous flowers. If the normal character 
is distinctly, though slightly, variable, as in the case of data based on 
measurements, the half curve has a flank on the other side, but it is 
very steep. I do not propose to pursue this point any further here, 
since it is merely my object to show that half curves are only a 
special case of asymmetrical curves. 
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curve of a half race can be tranformed into a bilateral 
curve by selection and high nutrition. I shall recur to 
this point shortly. 

1 he well-known researches of Fritz Muller with 


Abutilon give instances of half curves.^ Muller ob- 
tained the following figures from a culture with seeds 
from flowers with six petals: 145 with 5 petals, 103 with 
(), and 13 with 7. Of more recent investigations we may 
mention those of Bateson and Pertz with Veronica 
Huxhaumii according to which the normal cases always 
composed 70-90% of the culture in spite of the selection 
of the extreme variants in ix^tal-number as seed-parents, 
the remaining 30-10% being composed of abnormal cases 
in a rapidly diminislung series.^ The fruits of Aqnilegia 
arc pentamerous, but 6-, and still more rarely 7-merons, 
ones occur. 'I lie fruit of the cotton is also pentamerous, 
but I have found several tetramerous and occasional 
trimerous ones. Papaver Argemone has tetramerous 
flowers, but specimens with 5, and less often with 6 
ix^tals, also occur; by sowing seeds from the latter I was 
not able to obtain any increase in the number. 


Dujilications of leaves, concrescence of umliel-rays in 
Vmhclli ferae, or the fruit stalks of Cruci ferae, of the 
fruits themselves in the C omposiiae and so forth, the 
adnation of an axial bud with its axillary branch and a 
number of other anomalies liehave a*^ half races. The 
abnormal cases, whicli are of course infinitely rarer than 
the normal ones, liecome rarer in pn^jir.rtion as they de- 
part from the normal. It is unnecessary to give a longer 
list here, I may just mention the catacorolla on the outer 


I Hermann Muller, Die Bcfruchimig dcr Bhimen, p. 450. 
W. Bateson and Mi«5s D F M Pfrtz mi 
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side of the corolla in a half race of Linaria vulgaris 
which I have studied for a few generations, and for 
which the half curves have recently been plotted and in- 
vestigated by Gar JEANNE.^ 

It is well known that every species has a tendency, 
as j:he expression is, to vary in certain definite directions ; 
in these the deviations occur fairly frequently, in others 
either not at all or very seldom. The number of anom- 
alies is by no means an unlimited one for a given species, 
• but strictly limited. One expression of this phenomenon 
is the fact that one species tends to produce and repeat 
one particular abnormality, and another species, another. 
'This general fact, with which we are familiar in vague 
expressions of this kind, can be made the starting point 
of valuable experimental investigations. For what are 
we to understand by ‘^tendency’’ in these cases? In my 
opinion simply the existence of a half race or sometimes 
even of an eversporting variety. These two types of 
races are, so far as my experience reaches, perfectly dis- 
tinct, and in numerous cases amenable to experimental 
study; they are things with nothing intrinsically vague 
about them although they are sometimes blurred in their 
manifestation, under a superficial examination, on ac- 
count of the high degree of fluctuating variability which 
they exhibit. 

If we take a plant which presents this tendency to a 
particular anomaly and cultivate its progeny, isolating it 
with an eye to this tendency, we shall usually find that we 
are dealing with an intermediate race of the kind of which 
we have spoken. I shall refer to an instance in the fol- 
lowing section (§ 5) ; but this will be only one out of 

*A. J. M. Garjeanne, Beobachtungen und Culturversuche iiber 
cine Bliithenanoinalic von Linaria vulgaris. Flora, igoi, Vol. 88, p. 
78; with Plates IX and X. 
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inar.y. It is frequently uncertain, at first at any rate, 
whether besides the half race, the ‘‘species’’ itself exists 
in pure condition, that is to say, a race in which the char- 
aj ill question is not semi-latent but latent. But when, 
as is so often the case, the species is widely distributed 
but the half race is only observed locally, we are evi- 
dently fairly safe in assuming the separate existence of 
l)oth. • 

Anomalies which are very common in nature point 
to the existence of eversporting varieties; those which* 
are rare, to half races. In the former case they are often 
reckoned among the characters proper to the species, as 
for instance the remarkable lateral fruitlets on the fruits 
of Tctragonia cxpansa, which were included by De Can- 
dolle in his diagnosis of the sj^ecies, in his Prodromus} 
(Ithcr well-known instances are the incomplete apetaly 
of Raunnculus auricomusr as well as the branched ears 
of Loliitm pcrcnnc ramosum which seem to be relatively 
coniinon evcM'vwliere in my own country. Lenecek’^ 
records lime-trees with 20-30% of their leaves trans- 
foiined into pitchers; and with us trees with single 
pitchers, and others which produce large numbers of 
them every year are met with from time to time (Vol. I, 
log. 106, p. 470). 

Jn many cases we know buth the half race and the 
middle race of the same, or of closelv related, species. 
1 m » r example, there grows very commonly here a form 
of / lantiujo major (/. bractcaia) wh\'li bears more or 


' n I Prodrnmus Rcgm Vcgetahilis. See also Eich- 

LEH. Hluihntdiagrammc, IL p. 120. aibO i-iCH- 

* Winter. Journ of Bot, Vol. 35, iSo;, p. 406 This form also 
grows in our garden and in our country in the wild condition 

not ^ '*^3- Found 
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less numerous green bracts on the lower parts of the 
spikes. The well-known Plantago major rosea of our 
gardens, all of the bracts of which are green and fairly 
large, constitutes the complementary, and constant, ever- 
sporting variety. Besides Papaver somniferum polyccph- 
alum (Vol. I, Figs. 27-28, pp. 138-139) which is to be 
regarded as an eversporting variety, there are polyceph- 
alQus half races of P. commutatum and several other spe- 
cies which in my cultures behave in quite a different man- 
•ner from the former, in response to selection. Besides 
the favorite Varietatcs cristatac of our cultivated ferns 
we occasionally find, in nature, wild species with a split 
leaf. Cclosia cristata, the cockscomb, is an exceedingly 
interesting eversporting variety,^ besides which fasciated 
half races in numerous other genera are known.^ But 
I must refrain from the citation of further instances. 

Just as a species can as a rule be distinguished from 
its nearest allies by two or several characters, so a lialf 
race can manifest as semi-latent anomalies two or more 
characters which are latent in the species in question. 
Nor is this by any means rare. In the case of characters 
which deviate in the opposite direction from the type of 
the species, “double half-curves” may be formed which 
have two unequal flanks. The number of petals of 
Hypericum perforatum varies in this way, in this neigh- 
borhood, round a mean of 5 ; on the one side going fre- 
quently to 4 and rarely to 3, and on the other side rarely 
to 6. The corolla of Campanula rotundifolia often varies 
from 5 to 6 and 7, and rarely from 5 to 4 and 3.^ 

^ See the second part of this volume. 

^ Botanisch Jaarboek, Gent, 1894, p. 72. 

* See also Bef. d. d. hot. Gcs., Vol. XII, 1894, P* 202, where further 
examples will he found. 
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Selection and nutrition have as usual a great elfect 
on half races. I shall not deal exhaustively with this 
|X3int until the end of this part, but will give here a brief 
'! i ( -.ibsion of the general principles underlying it in order 
to prepare proper understanding of the question. 

Our discussion of the phenomena of fluctuating vari- 
ability in the third part of the first volume led us to the 
conclusion that selection and nutrition usually operate 
in tlie same manner on the individual characters of plants. 



Fig. 2 Influence of selection and nutrition on the half 
r.ice Ranuuiulus Imlhosu^ scniip!cnus A, Half Curve 
after several years of culture. B, Curve of the T2 host 
individuals (i e, those richest in petals). C Curve of 
the best plant. ‘ 

Positive selection and plenty of food enhance the devel- 
opment of a character, whilst selection in a minus direc- 
tion or defective nutriment oi)erate in the opposite direc- 
tion. 

Polycephaly in Papaver somniferuw behaves in this 
way,* and, as we shall see later on, all the other anomalies 
which have l)ecn tested do so, .as well. Half curves can 
thereby l)e transformed into unilateral ( mes ( Fig. 2 ) , either 

^Ber. d. d. hot. Ges., Vol XII, 18414. I’latc X, I'sg 4. 

•Vol. I, Tart I. pp. 135-143. 
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by making a special curve from plants which exhibit the 
largest number of abnormalities, or by making a curve 
from a race bred from such plants. But an improved 
race of this kind remains dependent on selection and high 
nutrition, and is soon lost if these are withheld.^ One 
instance will suffice. Achillea Millefolium has white 
flowers, but occasional si^ecimens have red ones. From 
this I have bred a race with red flowers, which some- 
times even attain the deep red of dark wine. After four 
years of stringent selection, all the jAants in successful 
cultures were more or less red. But if the plants were 
grown too close or were on poor land, more than half 
were white, and when I made further sowings without 
selection the proportion of reds rapidly reverted to its 
original small amount. On the other hand there is on 
the market the well-known Begonia semperflorens afro- 
purpurea Vernon as a constant dark brownish red vari- 
ety. 

Eversporting varieties revert rapidly under minus- 
selection, but it is seldom possible to eradicate their char- 
acter altogetlier as I experienced when working with the 
adnation of tlie lateral branches to tlieir main stems in 
Aster Tripolium and Bidens graridi flora, and as I shall 
describe later in greater detail in the case of Cclosia cris- 
tata. ( See Part II of this volume. ) 

In conclusion, we see that in nature as well as in 
cultivation (especially in the case of horticultural vari- 
eties and other anomalies) intermediate forms between 
the original species and its constant variety are often 
met with. The two commonest are the half race and the 
middle race or eversporting variety. The former has 
a half curve, the latter a bilateral one. Both occur in 

^Vol. I, Part I, § 14, p. 122. 
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nunierous species and genera, either together, or sepa- 
rately. Both are ea sily influenced by high nutrition and 
'^ele' tion, but are usually quite distinct and only appar- 
ejidy connected by transitional forms. 

§ 5. TRJFOLIUM PRATENSE QUINQUEKOLIUM, AN EVER- 
SPORTING RACE. 

Four-leaved clover.s are notoriously rare in nature, 
but it is perfectly easy to have many hundreds of them, 
I)rovided a hereditary race can be obtained. Isolated ex- 



Fiff. 3. I rt folium pratcnsc quinquc folium, fivc-leaved and 
vseven-lcavcd loaves of clover 'Khe left leaf, A, shows 
a transition towards the 6-nierous leaf in the splitting of 
one of Its leallets. * 

amples of tliis race seem to occur .'.poradically ii. nature; 
all that has to lie done is to find, to isolate, and to multiidy 
them. ( 3.) 

In the following section 1 shad descrilx- the history 
of a particular race. I shall do so largely with a view to 
emphasizing the contrast lietween a middle race and a 
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half race. In a half race the latent or semi-latent character 
is very seldom visible, perhaps in one leaf or on one plant 
amongst many thousands, and after several years of se- 
lection it is only on isolated individuals that two or three 
specimens of the anomaly may be found. 

In the middle race, or eversporting variety as I call 
it in contradistinction to the half race, the anomaly is by 
no ‘means so rare. Most of the leaves consist of from 
4-7 leaflets, and plants without such scarcely occur at all 
even in the absence of any selection. Trifoliate leaves 
are not wanting; indeed no plant is without them, par- 
ticularly in its early stages and on weak branches. 

On the other hand pure five-leaved or pure seven- 
leaved races do not as yet exiit: I mean forms which 
do not revert.^ There is no ground for supposing that 
we may not succeed, some time, in obtaining at least a 
constant seven-leaved variety. But for this to happen 
the right com))ination of unknown causes must chance 
to offer itself (see § 2) ; and this has not yet occurred 
in the case before us. 

When a variable race has been found in nature the 
next step is to isolate it. And if, as is the case with red 
clover, isolated individuals of the species are sterile, two 
or three of them must be cultivated together, or if this 
is not possible one or several generations must be grown 
as a rule in order to purify the race of the effects of cross- 
ing. But this is easily effected. Further, the character 
can be improved by selection witliin the limits of varia- 
bility in the new^ race, just as in tlie case of pure specific 
characters. When once the furthest point in this direc- 
tion has been reached, and this usually occurs after a 

*Or at least revert as rarely as four-leaved individuals occur in 
the ordinary clover, which are in reality also partially atavistic. 
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few generations, fu*-ther improvements are only to be 
expected from a conesponding amelioration of the con- 
ditions of cultivation. In this way I succeeded in the 
'legiiining in impioving my four-leaved clover, but after 
1895, in spite of continuous and stringent selection, no 
further improvement has been observed. I shall there- 
fore confine nijself to a description of the first seven 
generations. * 

These were; 

tst Oeneration. Two plants from Loosclrecht 

2n(l “ 1890. Four plants with some four- and five-leaved 

leaves. 

3rd “ 1891. 36 abnormal leaves per plant. 

/ vS With Isolated abnormal seedlings. 

4th* 1892. s C With 60% seedlings of which the first. 

( second or third leaf was tetramerous. 
5th “ 1893. C With 55% seedlings with compound pri- 

mary leaf. 

6th ** 1894. C With 96-98% seedlings with compound 

primary leaf. 

7th “ 1895. C With 95-97% seedlings with compound 

primary leaf. 

To proceed to a nioie detailed account I be^in witli 
the examples collected in the field.- 1 foniid them near 
Loosdrecht on the edge of a road which was covered with 
grass d'liey bore several tetramerous and one peiitam- 
erous leaf and seemed therefore to afford better oppor- 
tunities than the usual find which often is only a single 
four-leaved clover leaf in a meadow. I trans])Utntcil 
them to my garden, where they lived for another three 
years. Here the anomaly imt only reapi>earcd but in- 

’Thc re-^ult for this year is a double one. .9 (spring) refers to 
the crop of i 8<;2 itself C' (crop) to the record of the seedpaienN in 
terms of the seedlings raised from their ^t.eds (see p. 40) : SimiUiriy 
with the subsequent years. 

het omkeernt vatt hake Galton-curzrn, Kruidknndig Jaar- 
bock, (lent. Vol. X, 1898, pu. .^7-54 with Plate 1. 
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creased, on account, doubtless, of the improved conditions 
of life. In July and September, 1889, I counted 46 
tetramerous and 19 pentamerous leaves amongst a large 
number of normal ones. But there was no sign of a 6- 
or 7-foliate leaf on these two parent plants of my race. 

I saved seed from them in the autumn of 1889 and 
sowed it next spring on a bed in my experimental garden. 
I obtained something over one hundred plants of which 
about one-half showed at least one four-leaved leaf. The 
rest were removed eitlier in July before they flowered, 
or whilst they were in flower. On September 1, I selected 
the four plants which bore the largest number of ab- 
normal leaves, and destroyed the rest. These four bore 
64 tetramerous and 44 pentamerous leaves. Of the de- 
stroyed plants the best had only an average of about 5 
abnormal leaves per plant. This year again there were 
no instances of 6- or 7-foliate leaves. 

In 1891 I obtained the third generation from the 
seeds of these four selected plants, sowing in the garden 
as before. It consisted of 300 plants on which I exam- 
ined 8366 leaves when they were l)eginning to flower. Of 
these 1117 or 14% were Jtetra- or pentamerous. Leaves 
with 6 or 7 leaflets were not observed; they were first 
seen in August and September of that year. The number 
of plants with at least one quadri foliate leaf also ex- 
hibited an advance. There were about 50% of them in 
1890. but now there were nearly 80%. These plants 
had on an average about four tetramerous and as many 
pentamerous leaves. At the beginning of August I chose 
the twenty best individuals and destroyed all the rest. 
I only harvested seed from the nine best plants among 
them and in the following spring only sowed the seeds 
of a single seed-parent which seemed to me to be the 
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very best of all, 36% of its leaves being composed of more 
than 3 leaflets. 

In the spring of 1892 I sowed the seed in pans in the 
j^.''''nhouse attached to my laboratory instead of in the 
beds as before. The advantages of this were (1) that 
more seeds germinated and (2) that the examination of 
the seedlings was greatly facilitated. They stayed in the 
pans until the unfohling of the third leaf, were then 
looked through, and the best ones transplanted into pots 
witli manured garden soil. Amongst the several hundred 
seedlings tlicre were 18 in which the cjuadruplicity was 
already manifest among the first leaves. Only these 
sj)ecimens were jdanted out; during the summer they 
bore a large number of tetra- and pentamerous leaves; 
and some 6- and 7-foliate ones, which appeared now for 
the first time in considerable numbers. 

With this, the isolation of the five-leaved race of clo- 
ver was brought to an end. The elaboration of the ordi- 
narily laliMit or semi-latent character had been fully ac- 
complished. The race could, like any other, be improved 
by selection but it could not be expected to change its 
character any further in the process. 

Of course I did not omit to effect this further im- 
provement. But there was no point in paying further 
attention to the characters of the adult plants, since dif- 
ferences could now only be found in them by a statistical 
examination of all their leaves. And it was found to be 
practically impossible to carry out this scrutiny with the 
necessary detail, for the i>lants soon become too big to 
be grown in pots. Therefore in order to make curves 
it is necessary to defoliate the plants, and this can not 
be done until after the choice of the seed-parents, whose 
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leaves must obviously neither be removed nor even dam- 
aged. 

For these reasons it :s desirable to effect the selection 
in the seedling stage, or at any rate before transplanting. 
This process had already been begun in the spring of 
1892 and needed therefore only to be perfected by con- 
tinued selection. And the result justified my expecta- 
tions. 

In the spring of 1893 I sovi^ed the seed of the 18 plants 
of the year before, already referred to, sq^arately for 
each seedparent. I recorded the seedlings when the 
third leaf had unfolded. If all the leaves were normal, 
I straightway weeded out the plant; but if one or more 
of its leaves had a supernumerary leaflet I preserved it. 
Of the 3409 seedlings which I examined 2471 were normal 
and 938 were not, i. e., about 30%.^ Of course the re- 
maining 70% must also be abnormal, but the anomaly 
was not yet recognizable in the seedlings. Some of them 
which I transplanted produced, as adult plants, leaves 
with from 4 to 7 leaflets in large numbers. 

I deteiTnined the percentage production of abnormal 
seedlings in this manner for 16 of the 18 seed-parents; 
the values were distributed over them as follows : 

10-20% 21-30% 31-40% 41-50% 51-60% 61-70% 
Seed -parents: 1 7 3 2 2 1 

I further chose from this series a seed-parent pro- 
ducing 60% abnormal seedlings. It had itself had in its 
early stages a compound primordial leaf, which fact also 
marked it out for the continuation of the race. It will 
be found in the table on p. 38 under 1892 C. 

Amongst the seedlings from the seeds of this parent 

^ Botan. Jaarboek, Gent, Vol. X, p. 37, where the two hgures 
have been transposed by an oversight. 
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several occurred with trifoliate (instead of single) pri- 
ji, >rdial leaves (Fig. 4). I only selected these as seed-bear- 
. ' , i<)r transplanting, and I effected a considerable simpli- 
fication in my cultures by adopting this mark as a cri- 
terion for all further selection of stock plants. For the 
(h tinitive selection could now be made 2-3 weeks after 
sowing, and it was not necessary to pay any further 
attention to the development of the character; this \^as 
fully insured. Nevertheless I took care by means of 

further experiments to sat- 
isfy myself that there exists 
a fairly close relation be- 
tween a large number of 4-7- 
merous leaves on a plant and 
a high percentage of abnor- 
mal seedings produced by it. 

In July 1893 I only saved 
the 12 best plants raised 
from the seed of the plant 
of 1892 with 60% abnormal 
offspring. With the excep- 
tion of two plants they all 
bore not only 4-6-foliate 
leaves, but even some 7- 
merous ones. "Fhe four best had 27, 30, 33 and 34 of 
this latter type. There were no leaves with more than 
seven leaflets. 

The plant with 34 7-merous leaves rdso produced the 
highest fHjrcentage of abnormal seedlings, as shown bv 
the result of the sowing in the following spring. Of 209 
seedlings produced, 51 had a bimerr,us, and 61 a trimer- 
ous, primordial leaf, i. e., 55% of abnormalities. It was 
therefore chosen as seed-parent (see p 38). It should 



Fig. 4. TrifoHum pratensc quin^ 
que folium. A, Seedling with 
a trifoliate primordial leaf. 
B, C, .Seedlings with single 
and himerous primordial 
leaves; these two latter types 
were regarded m my race as 
atavistic. 
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be remarked that in previous years seedlings with a com- 
pound primordial leaf had either been entirely absent or 
at any rate very rare.^ 

In the summer of 1894 I only bred offspring from 
the plant with 55% of abnormalities in its seedlings, and 
of these jpniy the twenty best, with compound primordial 
leaf and the next leaf tetra-pentamerous. These only 
dkl I allow to flower and to bear seed. The result was 
recorded by means of the same characters in the following 
spring. For eleven plants it was 70-90%, for five others 
91-96%, and for the two best 98-99% seedlings with 
compound primary leaf. And the higher the number the 
greater was the percentage of trifoliate, as opposed to 
bimerous, primordial leaves. 

The same high percentage was obtained in the culture 
of the next year, 1895, in the seventh generation of my 
experiment. Since then the race has remained constant 
under the same conditions of selection. 

I have employed this constant and highly abnormal 
race for a series of observations and experiments, to the 
more important of which I shall now refer,^ for they are 
well qualified to afford us some insight into the nature 
of such a race. This race exhibits a high degree of var- 
iability, which is due to the possession of a semi-latent 
character besides that which it has obviously inherited 
from the parent species. The extent to which this paren- 
tal heritage, the normal trifoliate leaf, is developed de- 
pends on the conditions of life of the plant. And, speak- 

^ See the remarks in § 22 relating to the size of the seed in Tri- 
folium incarnatum. In the five-leaved clover, especially in later 
years, practically all the seedlings had compound primordial leaves, 
so that this character had nothing to do with the size of the seed. 

•For a detailed account see the oft-cited paper in Krtiidkundifi 
Jaarboek, Vol. X. 
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ing generally, favorable conditions favor the characters 
of the race, and unfa^ orable ones those of the species (see 
Ik4o\v, § 26), 

fhjs is only a special case of the well-known prin- 
ciple; Every injury increases the tendency to atavism 4 

In the first place let ns consider the periodicity. The 
nnnjl)er of multipartite leaves increases with the indi- 
vidual strength both on the whole plant and on the sep- 
arate branches. And if, at the end of growth, weakness 
sii})ei\Tnes this number again decreases. 

Let us examine 1^'ig. 5. It is a photograph of a strong 
young branch which was removed on August 1, 1900. 
1'lie lowest leaf was nearly withered; it was small and 
had tlie inversely egg-shai^d form of the leaflets which 
is characteristic of the leaves of the young red clover, 
It consisted of only 3 leaflets. The two following leaves 
were markedly larger and stronger, of a more elliptical 
form and tclramerous. Then follows a 6- and then a 
7-merous leaf, after which the leaves again return to the 
simpler types. 

The branch photographed was chosen for its regu- 
larity; and yet a pentanierous leaf is absent from the 
ascending scries. I\Iost of the branches, even on the test 
plants, were less regular; indeed it often happened that 
tetramerons leaves were succeeded by some trinierous 
ones, and so forth.- 

What has been stated concerning the lateral branches 
is also true of the rosette of radical lc:i\cs whose axis 


is, roversion of the race to parent species, for the char- 
acter of the race is itself, morphologically speaking, a reversion to 
a more remote ancestor. ^ version to 

the reader is referred to ; Uchrr die Periodic^ 
tat dcr eatttellen I artationvn, in Ber cl d, hot. Gcs., 189Q, Vol XVII 
p. 48. j • ^ , 
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is, of course, the main stem of the whole plant. Here 
also the number of leaflets per leaf first increases, on the 
average, and then decreases, with many fluctuations how- 
ever. The branches themselves exhibit a certain periodic- 
ity since the lower ones contain a smaller quantity of 



Fig. 5. Trifolium pratense quinque folium, igcxD, showing 
the periodicity of the anomaly on a branch. Beginning 
from below the leaves have 3 — 4 — ^4—6 — 7 — 5 — leaflets. 


abnormal leaves than those next above them, whilst the 
highest of all are poorer again. 

If therefore the conditions are favorable to a branch 
in its earliest stages it will develop more 4-7-merous 
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leaves. And it is obvious that such leaves will extend 
l)oth above and I>eiow the maximum of the period in 
fUrect proportion to their number. Whence it again fol- 
that the bitter nourished the plant is, the earlier 
will the al>iv)rmality appear. And this is true both of 
the individual branches and of the rosette of radical 
leaves, and therefore of the whole plant. 

J^>om these conclusions the converse rule may be^cle- 
(luced that the earlier a seedling produces its first tetram- 
erous leaf, the greater will probably be tlie number of ab- 
normal leaves on the adult plant. The most abnormal 
plants will pn^iably be those which in the seedling stage 
had a comjMnind primary leaf. Experience has proved 
the truth of this rule throughout my experiments. 

If we now take another glance at the table on page 38 
v^e see that tlic character recorded has gradually shifted 
in the course of generations and as a result of selection. 
The more the improvement advanced the earlier could 
selectic'ii he effected. In the third generation I kept 300 
plants in the l)eds to l>e selected from; since the fourth 
generation 1 have carried out the selection in the seed- 
pans and only planted out the few best (e. g., 10-20) to 
act as secfl-pa rents. 

It is possihie, therefore, within the limits of such a 
race, on the one hand to effect an increase in the number 
of multipartite leaves, and on the other to reduce it by 
reversed selection. In l)oth cases we go as far as pos- 
sible from the mean of the race, without, however, suc- 
ceeding in overstepping its definite honndarics. Let us 
see what selection is able to efifect in the two cases, and 
let us begin with the former. It is tlie (juestion of in- 
tensifying the anomaly to its extreme limit. 

A striking peculiarity of my race is the fact that leaves 
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with more than seven leaflets have never, or only ex- 
tremely rarely, been produced. As a matter of fact a 
duplication of the leaves by splitting, which is so common 
among other plants,^ occurs in /rty race also, and if it 
affects a pentamerous leaf, makes a 10-merous one of it. 
But that is the expression of another latent character 
which we are not concerned with here. Apart from 
these I have not yet found in my cultures, in spite of the 
most careful search, a single instance of a leaf with 
more than 7 leaflets. 

The character of my race is the quinquefoliate leaf 
which is usually in the majority ; the remaining types are 
grouped round it in accordance with Quetelet's law, so 
far as the tendency to symmetry i:)ennits this. For it is 
clear that this tendency does not favor the regularity of 
the curve of variation. The increase in the number of 
leaflets from 3 to 4 takes place by the lateral splitting 
of one of the lateral leaflets (see Fig. 3 A), one of the 
lateral veins becoming the primary vein of the new leaflet. 
Transitions such as that figured are certainly fairly rare, 
iMit all degrees of them, down to a splitting of the small 
partial stalk of the leaflet, occur from time to time. If 
only one leaflet is split, the leaf becomes asymmetrical ; 
but if the two lateral leaflets split, the whole may remain 
symmetrical. The duplication can extend to the terminal 
leaflet and turn a vein of this, either on one side or on 
lx)th sides, into the primary vein of a new leaflet. In this 
way the 6- and 7-merous leaves arise; the fonner are 
asymmetrical, the latter symmetrical. 

The statistical examination of large numbers proves 
that the symmetrical leaves predominate over the asym- 
metrical ones. The plant seems to prefer to retain its 

*Delpino, Teorfa gcnerale della Ftllotassi, 1883, p. 197. 
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vmmetry i en in the anomalies. This is brought out 
in the curves by the relative shortness of the ordinates 
corresponding to 4 and 6 (Fig. 6). 

Let us^return to the processes of selection. The mean 
('f the race is a pentamerous leaf, which varies within 
fairly narrow limits, never (or hardly ever) less than 



Fiji:. 6. Tnfoiium pratense quinquefolium. 
curvf of llu* number of leaflets in the leaf 
an atavistic individual C, Curve of the * 
gree of abnormality, 1894. 


A, Normal 

B, Curve of 
maximum de- 


three or more than seven leaflets being jMocluccd. Selec- 
tion can therefore l)e either in the direction of the 7 or 
the 3. In lx»th cases the original syiniiietrical curve be- 
comes unilateral. But in the former case the improve- 
ment of the race is pushed on as strongly as pi^ssible. in 
the latter the reverse hapiKms until it can hardly be dis- 
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tinguished from the ordinary insta’ ces of the rare four- 
leaved clover. 

A glance at the table on page 38 will show that my 
race was only very slightly developed at first, and had to 
be brought to its normal type by isolation and selection. 
But in spu^ of this selection it is not so constant that it 
does not occasionally give rise to atavistic individuals. 
On the other hand individuals with a maximum develop- 
ment of the character of the race are from time to time 
produced. And these extremes are sometimes both found 
within the limits of a single culture. 

I observed this in 1894 with plants which had been 
raised from the seeds of a single individual in the third 
generation (1891, p. 38). The seed-parent in question 
had survived the winter and did not ripen its seed until 
the second year. In July, 1894, there was a large num- 
ber of strong plants of the same age, of which I chose 
the seven best for a detailed examination of their leaves. 
Some of the oldest leaves were already withered, the 
youngest not yet unfolded ; these were not recorded. Each 
of these seven plants was plotted in the form of a curve, 
one (Fig. 6 A) gave the normal curve of the race, an- 
other (B) was atavistic, whilst all the rest had their 
highest ordinate at 7. I have only given the mean value 
for these five (C). 

These three groups gave the following percentage 
of leaves with the nunil^er of leaflets written above them : 

Number of leaflets: 3 4 5 6 7 Number of leaves counted 

A. Normal example: 17 16 37 14 16 172 

B. Atavistic example: 75 19 5 0 1 216 

C. Extreme variants: 12 9 22 17 40 97^ 


^ Mean number per plant 
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These figures are presented graphically in Fig. 6. 
It will be seen that the normal curve is a symmetrical 
one slightly depressed, however, over the ordinates of 
the numbers as a result of that symmetry which we 
discussed abgve. The two other lines form half curves; 
in both of them the apex coincides with one extreme. 
The curve B, of the atavistic individual, is almost the 
same as the curve which was the dominant one in the ‘first 
years of my experiment when there were, as yet, no 6-7- 
foliate leaves (p. 38). It is an ordinary half curve of 
variation, which is characteristic of the half races of 
semi-latent anomalies. The curve C is, however, re- 
versed; it displays the predominance of the racial char- 
acter over the antagonistic one which is that of the 
original sj^cies. It also shows the preference for sym- 
metrical leaves. 

If atavistic individuals are used as seed-parents the 
character of the race can be observed to vanish more or 
less completely in a short time. I carried out an experi- 
ment of this kind in the years 1896-1898, after the race 
had reached its maximum development in 1894-1895 as 
descri))ed on ])age 38. Within the space of three gen- 
erations this race has retrogressed so far that the plants 
could no longer l)e recognized as belonging to it. For the 
|)uri)oses of this reversed selection I chose, from the 
plants which had borne a large number of 5-7-merous 
leaves in 1895, those seedlings of which the primary 
leaves were single and the first leaves trifoliate. With 
a few exceptions they had all developed occasional tetra- 
l>entamerous leaves by the middle of June. Three of the 
exceptional ones were isolated before flowering, they sul> 
scxiuently develo|)ed a few multipartite leaves. But when 
their seeds germinated it was seen that they were not 
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only not poorer in seedlings with compound leaves but 
even slightly richer; they were therefore not chosen for 
the continuation of the experiment. I chose the seeds of 
three plants of 1896 whifch had given rise to no more 
than 2-3% seedlings with compound primary leaves. 
Atavistic seedlings only were transplanted, but in the 
following summer (1897) even those bore some tetra- 
pent'amerous leaves, almost without exception. On the 
other hand 6-7-merous leaves were almost entirely ab- 
sent, and the race had thus returned to the condition 
described by the unilateral curve of the first year of the 
ex])eriment (1891-1892). Some plants produced noth- 
ing hut trifoliate leaves during the whole of the summer 
and the following spring. 

In 1898 I made another culture of atavists from the 
seeds harvested in 1897. This was therefore the third 
atavistic generation. But two thirds of the generation 
raised still consisted of plants with some tetra-pentam- 
erous leaves, and therefore possessed this character in 
a far higher degree of development than ordinary red 
clover. This stringent, thrice occurring reversed selec- 
tion had therefore considerably reduced the development 
of the anomaly but had not succeeded in destroying or 
even in concealing the fact that the culture belonged to 
the pentamerous race. 

I also made an exi^eriment on the influence of ex- 
ternal conditions on the development of multipartite 
leaves. There are two ways of dealing with experiments 
of this kind ; we may either subject the different parts of 
the same plant to diverse conditions of life or similar 
samples of seed to diverse treatments from germination 
onwards. In the former case we determine the effect 
on the grown plant. This is however seldom great, inas- 
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much as the plant is most sensitive in its early stages. 
In this form of the experiment we can, so to speak, only 
investigate the last vestiges of its former susceptibility. 
Fa/ .n<.)re striking results are to be expected from experi- 
ments with seedlings; but here a great uniformity in the 
samples of the seeds is necessary for the results to be 
reliable. It is not sufficient to mix the seed, but it is 
ad\ isable to harvest seed from two or three or still better 
from a single seed-parent of known and pure ancestry. 
It is even better to allow the influences that are to be 
investigated to oi)erate during the development of the 
seed on tlie parent plant. 

In accordance with these considerations, therefore, 
I cut one of my plants into two parts, one of which I 
transplanted into poor sandy .soil but the other into 
good garden soil, and allowed them to set seed. I was 
thus able to study both the direct effect on the plant and 
also the indirect effects on the succeeding generation. 
(See Vol. I, Part III, pp. 521-522.) 

The cxi)erinicnl, wliicli was carried out during the 
years 1X92-1894, was made with a single individual which 
arose from the stock jdant for 1891, mentioned on page 
38 and marked S. This plant had, when it germinated 
in 1892, a bimerous primordial leaf, and in the same 
year liore seeds wliich, wiien sown in the spring of 1893, 
gave lise to alxntt 4(F/, seedlings with a tetramerous 
leaf. As sotni as this was visible in the seedpan the 
choice was made and the parent plant, which I had kept 
through the winter in a bed, was ent in two and trans- 
planted into the al)ove mentioned kinds of soil. Both 
halves grew well, although not with c(iual luxuriance; 
they flowered in July, were pollinated from the various 
plants around them composing the main culture of that 
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year, and set seed in August. At this time I examined 
an equal number of leaves on the two halves and ob- 
tained the following result: 

Number of leaflets: 3 4 5 6 7 

On garden soil: 12 25 34 20 18 

On sandy soil: 18 19 35 19 17 

The behavior of the two halves was identical; the 
diffference in the soil exerted no visible effect. Moreover 
the seeds on the two halves were of about the same size 
and produced in roughly equal numbers. The two sets 
were harvested separately and sown in the following 
spring (1894) in pans. When the young plants had about 
3 leaves they were examined. Calling a plant with a 
tetra- or a pentamerous leaf “abnonnar^ the result was : 

Seeds from garden soil 30% abnormal 
“ “ sandy soil 24 % “ 

The experiment involved 1 50 and 200 seedlings. The 
abnormal ones were further sorted according to the 
composition of their primary leaves. 

Leaflets 12 3 Totals 

Seeds from sandy soil 24 10 13 47 

“ garden soil 16 12 13 41 

Both counts therefore gave a difference in favor of 
the better nourished seeds. For further investigation 
I selected those which appeared most abnormal from 
both series, i. e., the seedlings with a trimerous primordial 
leaf, and planted them out under similar conditions. In 
July when each plant had twenty or more stems, I pulled 
them up, selecting for examination the ten best plants 
from each group: i. e., those ten, the leaves of which 
numbered about 100 per plant. The leaves were recorded 
separately for each individual, and as there happened to 
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be practically no difference between the several individuals 
in each group, I calailated the mean for the two sets in 
j)ercentage.s. 


Number of leaflets per leaf 

3 

4 

5 

6 

7 

From seeds from garden soil 

14 

13 

25 

16 

32 

** “ ** sandy soil 

39 

13 

23 

10 

15 

Difference 

-25 

0 

-f2 

4-6 

4-17 


The effect of the treatment in the previous year is now 
jxirfectly plain. 1 he curves for both groups liave become 
unilateral but in the case of the better nourished one.s 
the apex is at seven, and for the others at three leaflets 
jiei leaf. 

Conversely we may conclude that, in the exi)eriment 
described on page 47 and graphically exhibited in Fig. 6, 
the atavists were produced by ixjorly nourished and the 
maximal variants by highly nourished seeds. And the 
following generalization about anomalies seems to be 
justified . that the nutrition of the seed on the parent 
plant is the most imijortant factor influencing the devel- 
opment of the anomaly (Vol. I, pp. 521-522). 

Let us now briefly summarize the results of this 
ex[)eriment. I began by finding in the field two plants 
lx.‘lt)nging to a five-leaved race, which however as the 
result of indifferent nutrition for several generations 
only developed tetra-pentamerous and no 6-7-foliate 
leaves. By lietter cultivation and by the continued selec- 
tion of the most abnormal individuals, no doubt those 
which happened to have been best fed, a race was evolved 
in the cour.se of a few generations with a number of leaf- 
lets per leaf varying between 4 and 7 round a mean of 
five. After this selection had been repeated four or five 
times maximal variants were produced the majority of 
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the leaves of which were 7- foliate. At the same time 
there were still ‘^atavists'* in the seventh generation the 
apex of wliose curve was over 3 leaflets. The atavists 
however really belong to their race as is shown by the 
fact that even after repeated selection in an atavistic 
direction they produce far more quadri foliate leaves than 
the normal red clover (or more exactly, the corresponding 
wild half race of the red clover). 

The better the seeds are fed on the parent plant the 
greater is the development of the anomaly on tlie indi- 
viduals produced by them. Poor seeds give rise to ata- 
vists, good ones to extreme variants. 

My ex])eriment extends over ten generations. It 
gives no support to the view that the five-leaved race 
was, so to speak, caught in the act of developing its 
character, or that it could give rise to a higher type with- 
out further mutation. It is a highly variable, but constant 
variety. 



III. THE DIFFERENT MODES OF ORIGIN OF 
NEW SPECIES, 


§ 6. HORTICULTURAL AND SYSTEMATIC VARIETIES 
AND ELEMENTARY SPECIES. 


The opinion has of late been often expressed, by VoN 
Wett.stein in particular, that there is no ground for the 
assumption that all species have arisen in the same way.^ 
There is no difficulty in applying this view to the theory 
of mutation, although one of the chief objects of this 
book is to show that ordinary or fluctuating variability 
does not provide material for the origin of new species. 
But this does not exclude the jwssibility of different 
mcxles of origin of new siK'cies. The simultaneous origin 
of species in groups, in definite ireriods, such as I have 
<lescril)ed in the case of Oenothera Lamarckiana, must 
constitute for me the main tyi)e of this process, until the 
origin of species has been exiHrimentally studied in other 
ca.scs. Such experiments would have to study the phe- 
nomenon before and during the first apirearance of the 
new tyjie. Inferences drawn from data obtained after its 
apt)carance can hardly \x considered as decisive. 

This essential type explains in my opinion in the first 


/- y. Wettstein, Der Saison-Dimorphismus als AusganesPunkt 
(r. PAmzenreich, Ber. d ,1. bot Ges 

yol. XllI, 1895, p 303: and particularly the same autl-or’.s Descen'- 
aensthforchseke Untersuchungcii; I Unlersurhungfu uber dm S'ai- 
sm-Dtmnrphtsmus tm Pdatiimreirh, Denkschr d Mat. Naturw 
Classe d. k. Akad. d Wiss., Vienna, 1900. 
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place the progressive origin of species, that formation of 
new characters to which in the main the evolution of the 
plant kingdom is due. On the other hand there is a 
whole series of other types which are now, so far as it 
is possible to judge, mainly confined to the lateral branches 
of the phyjetic tree. With regard to these however we 
must content ourselves at present witn indirect methods 
of investigation. 

Darwin's statement that varieties are incipient spe- 
cies is well known. So also are the words of one of the 
most famous authorities^ on horticulture, Verlot: Toute 
varicte a d'abord existe d I'etat de variation. These two 
generalizations are evidently based on phenomena en- 
tirely different from those with which we have become 
familiar in Oenothera, They constitute, so to speak, 
the other extreme of the series. 

I propose therefore now to investigate the manner in 
which ‘Variations” in the sense of so-called structural 
abnormalities or anomalies (and not the individuals which 
exhibit variation in accordance with Quetelet's law) 
arise, and how they result in the origin of “s^^ecies.” 
But here we come across an obstacle on the very threshold 
of the inquiry in the manifold meanings of the word 
variety.^ It will soon become clear that horticultural 
and systematic varieties are to be considered as categories 
of entirely different values. But both Darwin's and 
Verlot's sentences just quoted are based on data ob- 
tained from horticultural varieties; and we must now 

^ B. Verlot, Production ct fixation dcs varictcs, 1865, p. 100. 

* The general conception of this term is that formulated by Car- 
RiERE in the following words : *‘On nommc varicte tout individu qui, 
par quclque caractere que ce soit, se distingue d*un ou de plusieurs 
autres avcc Icsquels on le compare et qu*on considdre comme apparte- 
nant d un mcme type speciHque {Production et fixation des variites, 
1865, p. 6). 
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inquire how far their transference to systematic varie- 
ties is justified.^ 

llie origin of horticultural varieties will therefore 

t^.:bmitted to a critical and experimental examination. 
But before we do this I think it advisable to consider 
first the meaning which is attached to the term variety 
in systematic works, and secondly the various ways in 
which species can arise. And we shall find that whilst 
there is no question that the mode of origin of horti- 
cultural varieties is often analogous to that of so-called 
“good* ** species, this parallel is by no means so common 
as the present form of the doctrine of descent would lead 
one to believe. 

To begin with systematic varieties: Here we find we 
can draw a pretty natural line between what we called ele- 
mentary species on the one hand, and real systematic 
varieties on the other. 

In connection with this antithesis I think it desirable, 
after what has already been said on this topic in the first 
volume,- to lay especial stress on the fundamental dif- 
ference between these two conceptions. Linnaeus and 
his pupils describe the elementary species as varieties; 
Jordan, De Bary, and others who argue from experi- 
mental data, refer to all forms as s)>ecies. 

The terms “species” and “variety” have become so 
familiar that it is no longer possible to effect any radical 
change in their definition. For their exact meaning we 
have to refer to the works of Linnaei s himself. His 


’ For some interesting observations relating to the origin of new 
forms, SCO the papers by F Krasan in Engler's Bolamschc Jahr^ 
hijchcr, Vol XIII. Pts. 3-4: Vol. XXVIIT, Pts. i, 2 ami ami also 
Ins Mitthi'ilHngcn uher Cultunrrsuche mit Fotcntilla aramria Graz 
igoo. 


*Sce Vol. I, § 7, ‘‘Species, Sub.specics and Varieties,” especially 

pp. Kxj 172. 
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conception of them is now common property, and in 
my opinion our best course is to interfere with that con- 
ception as little as possible. 

There can be little question that the difference between 
variants and variations is becoming more and more widely 
recognized. Variants are what we call individual devia- 
tions : they are instances of fluctuating variability. The 
chaVacters which distinguish them disappear under suit- 
able cultivation and are therefore to be regarded as in- 
constant. In systematic works they are not as a rule 
given a place, or merely briefly mentioned, or, lastly, 
treated as a Forma, which is the lowest subdivision of 
the system; e. g., Forma alpestris. Forma aquatica. But 
this can only be done when the relationship of the form 
is sufficiently known; lack of material in the case of 
exotic plants, or incomplete investigation of indigenous 
species of course would make this impossible, and such 
forms have therefore often first been described as vari- 
eties or even as species.^ In many cases of course the 
true relationship is still unknown and the systematic 
grouping, therefore, to be considered as provisional; as 
for instance in the case of Anthyllis Vulneraria alpestris, 
Limosella aquatica caulescens, Carlina acaulis caulescens, 
and so forth. 

Bonnier s researches on Alpine plants, discussed in 
detail above (Vol. I, p. 146), have demonstrated that 
some of these differences are not even instances of indi- 
vidual but of partial variability. From the two halves 
of a single individual can be grown the form character- 
istics of the plains and the Forma montana, 

‘ For example Ranunculus aconitifolius L, in alpibus minor, caule 
3-5 floro; R, aconitifolius altior Koch, caule multifloro, fol. laciniis 
longiiis acuminatis, in montibus humilioribiis = /?. platanifolius L. 
mant. 79 (Koch, Synopsis, p. 12). 
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But the large number of cases of forms preliminarily 
described as varieties but which possibly may be only 
\ ririants, is one of the most considerable obstacles in this 
iiKjui/y. 

LinnaeU'S himself followed two distinct rules in sub- 
dividing his species. According to the one the species 
was regarded as the type from which the varieties were 
derived ; according to the other, however, the species was 
regarded as a collective group which embraced a certain 
number of units of equal value. The separation is sharp 
and definite and Linnaeus was obviously perfectly con- 
.sciems of its reality. In the derived varieties the series 
begins with P followed by y, 8, c etc. ; it is taken for 
granted that the type or Forma gennina represents the a. 
In a homonomous series there is no such Forma gennina, 
and the series of varieties therefore begins with a. 

Let us consider the two cases separately and let us 
begin with the second. 

Linnaeus’s honiononious varieties, a, p, y etc., are 
sometime.'^ arranged in groups, and sometimes not (as in 
Tencrium Polium, Lavandula Spica, etc.). In the former 
case the species falls into two or several subspecies, each 
of which again may include one or several varieties. For 
instance Euphorbia cxigua has two subspecies acuta and 
refusa. the first of which consists of one and the second 
of two varieties. Beta vulgaris has the well-known sub- 
S]X"cies rubra and Cicla\ the first of these embraces five, 
the second two varieties In these species thcic is no 
Forma typica or Forma genuina. The variety which is 
named first has no other priority n\er the otliers. 

In such cases the species is a group of similar com- 
position to that of a genus and of a family ; since in these 
no particular .species or genus is regarded as the proto- 
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type from which the rest would be merely derived forms. 
Species of this kind are therefore obviously and avowedly 
collective species. 

Lindley^ a. P. de Candolle^ Alphonse de Can- 
dolle and other eminent systematists consider the col- 
lective species without Forma typica to be the only really 
existing type. Species must be subdivided in exactly the 
s'^.rfie way as genera, says the last named of these authors 
in his Phytographie.^ Lindley splits up his species of 
roses on the same principle; Rosa rubiginosa into 8, R. 
spinosissima into 9 varieties, etc. De Candolle deals 
with the difficult and numerous subgenera and elementary 
forms of Brassica in the same way in the second volume 
of his Systema Vegetabilium. 

De Candolle calls the units, which in such cases are 
treated as varieties, ''Ics elements de Vespece'' they are 
related to the species as these are to the genera and as the 
genera to the families. 

But the majority of botanists regard varieties as 
forms which have been derived from the species. For 
them the species is the type, the real entity, from which 
the varieties have arisen by small changes. They follow 
the course taken by Linnaeus who based his diagnoses, 
in the vast majority of cases, on one of the forms of a 
species and arranged the rest in a lower grade under 
this. The origin of the varieties from the species was 
simply inferred from a priori premises as I have already 
shown in the first volume, this origin having only been 
directly observed in isolated cases of horticultural prod- 
ucts ; for the majority and certainly the most important 

, DE Candolle, La Phytographie ou Vart de decrire les 

vegetaux, i88o, pp. 74-82. Much of the argument set forth in the 
text IS due to this excellent work. 

*Loc. cit., p. 80. 
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cultivated varieties are as old or even older than cultiva- 
tion 

If we examine a numljer of such derived fonns in any 
i.U-matic work or flora, it immediately becomes evident 
that the same kind of dififerences recur in the most widely 
separated families, genera and species. Everywhere vari- 
eties present series of parallel forms. The recurrence 
of white flowered varieties in numerous species with blue 
or red flowers is so familiar a phenomenon, that often 
all reference to them is omitted. Linnaeus himself knew 
that nearly all such st)ecies had a wliite variety. If the 
color of a flower is compound, and if one of the compo- 
nents is lacking, a white flower with a dark center often 
results and is known as a J bicolor ( for example Cyno- 
(jlossnm officinale bicolor, Agrostemma coronaria bicolor) ; 
or the dark ])atches are absent as in Gcntiana punctata 
concolor, which case is exactly analogous to that of Arum 
macnlatum inimaculatuni. 

Often too, the clothing of hair is lacking either on 
tlie whole ])lant oi, when only certain parts are densely 
hirsute in the “species,” on these. The nomenclature of 
the seiies of ])arallel forms, under tins heading, is par- 
ticularly rich in terms wliich all indicate the .same prop- 
erty, as for example: Papaver dubiuin glabnim, Biscit- 
tclia laevigata glabra, A rains ciiiata glabrata, Arabis hir- 
suta glaberrima, J'^eronica spicata nitens, Amvgdalus Per- 
sica lae^'is, Ilritrichium namnn Iciospermuni, Paeonia 
corallina (peregrina) leiocarpa. etc. 

Thornless forms are usually termed inennis; they oc- 
cur in Ranunculus anrnsts. Genista gennanba, Rohinia 
Pseud-Acacia and many others. The Vanetas ciiiata 
occurs in Cyiisus prostraius and in C. spinescens, also in 
Lotus corniculatus, etc. A dense clotliing of hair is the 
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distinguishing feature of Solanum Dulcamara tomento^ 
sum, Veronica scutcllata pubescens, Melissa officinalis vU- 
losa, Galeopsis Ladanum canesdens, Vida lutea hirta, 
Lotus corniculatus hirsutus, etc. 

The patches of color at the base of the petals are often 
absent in Papaver orientate, in Erodium cicutarium and 
many other plants. Such names as ochroleuca, purpuras- 
cetfs, integrifolia, serratifolia, angustifolia, latifolia de- 
note varieties each one of which may recur in several 
unrelated species. Finally I may mention the red berries 
which occur as a varietal character in Empetuni nigrum 
and characterize the red variety of the gooseberry; and 
the yellow berries of Atropa Belladonna lutea and Daphne 
Mezereum album which are only selected examples from 
a long series of such varieties. 

All these forms differ from their species in the fact 
that a particular one of their characters is either devel- 
o])ed to a greater extent {hirsuta, ciliata, purpurascens,) 
or on the other hand very slightly developed or entirely 
absent. 

1'he absence of a character may also be a case of ex- 
treme rarity in the vegetable kingdom such as the straw- 
berries without runners, and the i>eculiar Finns Abies 
aclada, with its tall absolutely unbranched stem, which 
has been figured by Schroter.^ Fragaria vesca mono- 
phylla fVol. I, Fig. 38, p. 193), Robinia Pseud-Acacia 
monophylla, Fraxinus Onius monophylla,^ and a mo- 
nophyllous form of Melilotus cocrulea (Fig. 12 on page 
87) belong to the same category. 

The varietal names enumerated above almost always 
occur, in systematic works, in series which begin not with 

' C. ScHROTER, Die Vielgestaltigkcit der Fichte, 1898, pp. 52-53. 

*A. Braun, Verjiingung, § 332. Here also the earlier literature 
will be found ; and some facts concerning Rubus Idaeus monophyUus, 
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a but With p and are therefore considered as having been 
derived from a Forma typica or genuina and not as being 
of equal value with this. Evidently the principle on 
which they are classified is borrowed from a consideration 
of horticultural varieties. This proceeding, however, is 
only justified in the relatively rare cases in which horti- 
cultural varieties can be demonstrated to be younger than 
the species. Besides this the geographical distribution 
of the forms in question is often employed to decide 
which is the species, and which are the varieties. If one 
particular form is wide-spread and another only local 
or sporadic in its appearance it is obvious that the former 
will be regarded as the older and therefore as the species. 
Often this fits in conveniently with the fact that the 
species was discovered earlier than the variety, so that 
instead of disturl)ing the classification in the system all 
that had to be done was to range the variety under the 
species. 

The exigencies of space prevent me from going into 
further detail here. What I have already said may suffice 
to show that the systematic term “variety” means two 
fundamentally different things to Linnaeus and the 
later systematists : 

1. Homonomous Forms, amongst which even Lin- 
naeus could not select one as a type for the others ; 
“Elements de Tespece” (De Candolle) or ele- 
mentary species. 

2. Derived Forms, which are distinguished from the 
type of the species only by the decreased or in- 
creased development of a pcirticular quality; or 
by its complete absence: Triie varieties.^ 

* Amongst these, again, the simple invariable tyjies are to be 
distingnished from the intermediate or eversporting races, (See 
§§ 3 ’* 4 ) 
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I think h undesirable that these two types of sub-^ 
divisions oi the species should continue to be denote 
by the same term. The simplest plan would be to refer 
to the forr er as elementary species and only to the latter 
as varieties, and I hope that this limitation of the terms 
will come into general use. 

The question, however, is a purely systematic one and 
belongs to the department of descriptive science. For as 
soon as it is treated from the experimental standpoint 
the whole difference disappears. Many of the best vari- 
eties prove, when tested by sowing, to be as constant as 
elementary species, so that a separation on the basis of 
constancy is out of the question. 

* ♦ * 

On the basis of the foregoing discussion I treat the 
homonomous subdivisions of the Linnean species as 
elementary species and eventually denote them with bi- 
nary names. In the case of derivative varieties, however, 

I prefer to make no definite choice; I regard for’ example 
Chclidonium laciniatum Miller and Chclidonium majus 
laciniatnm as equally justifiable. And when for instance 
several species in the same genus have white flowered or 
glabrous varieties, a binary nomenclature would obviously 
be much too cumbrous.^ 

§ 7. PROGRESSIVE, RETROGRESSIVE AND DEGRESSIVE 
FORMATION OF SPECIES. 

A glance at the phylogeny of the vegetable kingdom 
reveals the fact that all species cannot have arisen in the 
same way. Progressive development is due to the con- 

^For instance if specific names like that of Agrostemma ntcae- 
ensis for Agrostemma Githago pallida were generally used for white 
flowered varieties. 
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tinital fonnation r)f new characters, to increasing differ- 
entiation. Nevertheless the great multiforniity of spe- 
i.\v> within the orders and families is only in part due to 
tlirs j>rogressive process, but to a large extent to an in- 
linite variety of combinations of characters already exist- 
ing. This is combined in innumerable cases with in- 
stances of regression ; that is, with the absence of 
characters which are otherwise proper to the grouf) to 
which the species belongs. Sium and Benda have, for 
example, simple jiinnate leaves within the group of the 
['mhelliferae with doubly pinnate leaves; and the assump- 
tion is that they have arisen from the latter by a simple 
loss. Similarly Primula acaulis stands in the middle of 
a group containing the Primulas, Androsacc etc. with 
imiliellate inflorescences, and the same inference is drawn 
as to its origin. The same is true of a host of other 
cases, and even for whole groups. For instance Delpino 
holds, as is well known, that the Monocotyledons have 
arisen from the lower Dicotyledons by the loss of a whole 
series of characters. 

Cases such as these are spoken of as instances of 
retrogressive metamorphosis. And it is probably not 
too much to .say that there are possibly more sj^ecies on 
the face of the earth at pre.sent that have arisen on retro- 
gressive than on progressive lines. 

The question is often debated whether, in retrogres- 
sion, the characters ah.solutely disappear or only become 
invisible, or latent. 1 here is much evidence for the 
latter view, derived largely from the great variety of 
atavistic .structures (youth fonns, subvariations on the 
lower internodes of lateral branches, the form of the leaf 
m suckers, the effects of ]xirasites, anomalies, reversions 
to the ancestral form by bud-variations, etc.). Latency 
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is without doubt the general rule. That an actual internal 
loss may also occur is probable on general grounds, but 
very difficult to demonstrate in a given case. For every 
positive result points to latency, and nothing but a nega- 
tive result after exhaustive investigation could warrant 
the conclusion that a character had absolutely disap- 
peared. 

The multiformity of species within the large.' groups 
is also due to a phenomenon which Darwin calls parallel 
variation. I refer to the repeated appearance of the 
same new character in related or remote groups.^ Climb- 
ing and tendril-bearing plants, parasites, saprophytes 
and insectivorous plants, decussate phyllotaxy, are a few 
names from a vast number of instances. One of the 
greatest difficulties for the systeniatist, the question as to 
the mono- or polyphyletic origin of many characters is 
a problem of a similar nature. For example, are the 
siliqua and silicula in the Cruci ferae, or is the position 
of their embryo to be regarded as an indication of mono- 
or polyphyletic origin? Do the Sympetalae with an in- 
ferior ovary originate from other Sympetalae or from 
epigynous Choripetalae ? Have the Gymnosperms arisen 
once or oftener from the vascular Cryptogams ? We do 
not know, because, on such points, the highest authorities 
are not in agreement. And so long as these differences 
of opinion exist it will be difficult to approach the question 
as to the cause of the parallel formation of specific char- 
acters — whether they arise from a common latent source, 
or afresh each time — with any hope of success. 

The origin of systematic and horticultural varieties 


' On this point see also my Intracellulare Pangenesis, English 
translation by Prof. C. Stuart Gager (Chicago, The Open Court 
Publishing Co., 1910). 
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is evidently due, h the vast majority of cases, to retro- 
gressive development or latency, as I have already at- 
letnpted to show. 

There is a close analogy between the formation of 
these varieties and that of certain species. The origin 
n{ varieties (such as Var. hirsutissima, spinosissima and 
cilinta) as the result of the intensification of characters 
is a much rarer phenomenon. This form of variety, 
which seems to be of very little importance in the evolu- 
tion of the vegetable kingdom, may be called subprogres- 
sive, and the phenomenon of its origin subprogressive 
formation of species. 

T he parallel, retrogressive, and subprogressive modes 
of origin have this in common that they only provide new 
combinations and do not contribute new units or any es- 
sentially new elements to the progressive evolution of the 
vegetable kingdom. In this respect they stand in sharp 
contrast to progressive formation of species. 

There is another series of phenomena to be mentioned 
here, of still less significance in the phylogeny of plants. 
The first of these is tlie manifestation of old, latent char- 
acters. A whole series of anomalies arc so widely dis- 
tributed in the vegetable kingdom, or at least among 
flowering plants, that it is almost imjKissible not to as- 
sume a common cause for them. This cause must be 
a latent character that has arisen in some common ances- 
tor and therefore must be of great anticjuity. The com- 
monest and l)est kiu)wn example of a widely distributed 
anomaly of this kind is that of fasciation, instances of 
which in alna)st any desirable numl)er of species can 1^ 
collected in the course of a few years. It a])pears that 
almost every si)ecies amongst Coniferae and Monocotyl- 
edons, but especially among Dicotyledons, can exhiWt 
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fasciations.^ As a constant horticultural variety it occurs 
in Celosia cristata ; but as a specific character, so far as 
I know, it does not occur. This is, however, true of the 
almost equally widely distributed split leaves (as in Boeh- 
meria biloba), of adherences {Solanum), of flowers on 
leaves {Hdwingia rusciflora and otliers) and of numer- 
ous other anomalies of which Casimir de Candolle has 
given a valuable general account.^ He calls them “Faria- 
iiuiis taxinomiqucs'" ; whereas anomalies which do not 
occur as specific characters such as fasciation, twisting, 
virescence and sterile varieties, are designated by him as 
ataxiiiomous. I take the following further instances 
from his list: Connation of opposites leaves, which oc- 
cuis normally in Dipsacus, Loniccra and others, or of the 
cotyledons (amphisyncotyly, normal in Sky os) ; Pitch- 
ers, noniial in Sarraccnia etc., and in the peltate leaves, 
as for instance Eucalyptus citriodora; foliacious excres- 
cences on the leaves, normal in Scnecio sagittifolius from 
Uruguay, and on petals, normal in Petaquia saniculae- 
folia and as a sport in Clarkia clegans; Synanthy in 
Lonicera, and so on. 

For our purposes, however, the question is not which 
anomalies can also occur as specific characters, but con- 
versely which specific characters can also occur as anom- 
alies in other species. For our task is to deal with the 
])roblem of species and especially to provide an answer 
to the question how far their characters can be derived 
from more or less widely distributed latent qualities 
which have existed for a long time in the vegetable king- 
dom or in particular groups of it. With this end in view 

^ See Vol. I, Figs. 34 and 35 on pp. 182-183. 

* C. i)E Candolle, Remarques sur la teraiologie vegctale, 1896, pp. 
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I shall supplement the examples named with a few more ; 
ilK^y serve to show how general this parallelism between 
^^^>lnalies and specific characters is. Thus, for example, 
PoJycjonu^fi viziporuui and Agove viviporci bear adven- 
titious budS or bulbils normally in the inflorescences; 
but 1 found them also as an anomaly in Aloe verrucosa 
and Saxifragn umbrosa, A spiral involution is nornially 
exhibited by the flowerstalks of Vallisneria and Cyclamen, 
and it occurs as a variety in the stalks of Juncus spiralis, 
and as an anomaly in Scirpus lacustris of which latter 
a l)eautiful instance came under my notice. Hypocotyl- 
ous buds are, for example, normally present in Linaria 
and Linuni ; they occur as an anomaly in Siegesbcckia^ 
according to Braun, and I have also observed them in 
Phascolus multi floriis. The numerous flowerbuds on the 
leaf stalk of Cucumis sativus as dcwscribed by Caspary^ 
are analogous to the buds scattered on the internodes of 
Begonia phyllonianiaca. The bull)S of Gladiolus carry 
their lateral conns on stalks; I observed tlie same mode 
of connection as an anomaly in Hyacintlms oricntalis. 
Masters has collected a series of teratological cases'^ of 
Inids on leaves, which may be regarded as jjarallel to the 
normal instance of the same phenomenon furnished by 
Br\oph\Uu}n, 

We see therefore tliat a large number of specific 
characters are analogous to taxinomous anomalies. 'Die 
latter recur in related forms, but much more frecjuently 
in more or less remote groups. In so far as tliey are 
due to a common cause, they point to the widespread 

’A. Brain, J’erh. d. hot Vneins Brandevb , XII. 1.S70, p 151 

*Casi*.\rv, Veber Bliithensprossc auf BlatU'm, Schrittcii cl nhys 
Gesellsdi., Koiiigsberg, 1R74, p. qq and Table M. * 

* Masters, / ^cgetahlc TenUotogy, p. 170 
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existence of latent characters. I shall refer to this mode 
of formation of species as degressive. In it, that which 
arises is always something ne#t and often something 
strikingly new, but usually without any clear relation to 
the progressive development on the main lines of evolu- 
tion. They form, rather, lateral improvements of types 
already existing. 

Degressive formation of species is therefore due to 
the activation of long CwStablished latent characters. Of 
these, as Goebel has shown in his Organographie, there 
arc two types to be distinguished.^ Either the character 
in question was active in the earlier ancestors, or it was 
not. In the foaner case we have an instance of reversion 
or atavism, and moreover a genuine systematic reversion, 
at leasj;;rihasmuch as the ancestral relation can be demon- 
strated. In the other case we have only the development 
of a specific character from a taxinomous anomaly. 

It is perhaps hardly necessary to state that the appli- 
cation of this criterion of grouping can only be effected 
at the present moment in a relatively small number of 
cases. The information at our disposal does not as yet 
meet the demands of such a system. On the physiolog- 
ical side, however, the question of prime importance is 
only the distinction between the chief groups; so that we 
will only lay stress on that point here . 

Bearing this limitation in mind we can summarize 
what we have already said, as follows: 

THE ORIGIN OF NEW SPECIES. 

A, By the formation of new characters: Progressive 
specific differentiation. 

B, Without the formation of new characters. 

■ K. Goebel, Organographie, Vol. I, p. 170. 
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Bi. By characters already existing becoming la- 
tent : Retrogressive specific differentiation, 
cases of atavism. 

Bo. By the activation of latent characters: De- 
gressive specific differentiation. 

a. From taxinomous (latent) anomalies. 

b. genuine atavism. 

B;{. heroin hybrids. 

5|e ★ ★ 

This list does not of course claim to be complete. 
There is no doubt a whole series of further types which 
can l)e more or less easily ranged under or parallel to 
these subdivisions. On the other hand it is at once clear 
that the distinction between A and B is, in the present 
stale of our knowledge, the important thing, and more- 
over that it will suffice as a basis for experimental in- 
cjitiry. But before I proceed to illustrate this antithesis 
1 will offer some remarks on the last section (Bh)^ 

New species can arise from hybrids but specific char- 
acters cannot arise by means of hybridization ; or, we may 
say that with regard to the production of mutations, hy- 
brids behave just like ordinary species, except that ac- 
cording to the prevalent view they are slightly more 
prone to it. The existence of a vast number of species, 
however, is due to the various combinations of characters 
which also exist in closely allied or m remote species. 
And it is evident that, by crossing, chai acters can be com- 
bined which have not appeared in the same genealogical 
line but in distinct though allied species. Tlius for ex- 
ample by crossing Oenothera mbruien^is with O, nanella 
I obtained an O. rubrinerz^is-nanella which has remained 
constant for many generations without segregation and 
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without reversion. And a host of new sjpecies have 
doubtless arisen on similar lines. 

Coming now to the discussion of the difference be- 
tween our two groups A and B, we draw a distinction 
between progressive si^ecific differentiat'ons or the origin 
of new specific characters on the one hand, and retro- 
and degressive specific differentiation, which consists in 
the activation or latency of potentialities already in ex- 
istence. 

It is obvious that a preniutation is necessary for pro- 
gressive but not for retro- and degressive differentiation. 
h('r in the case of the former the new potentialities must 
first arise before they can l>ecome visible externally, whilst 
in the case of the two latter we are only dealing with 
potentialities already existing. I propose therefore to 
apply the results obtained with Oenothera Lamarckiana 
and the conclusions regarding the premutation period to 
which we arrived, to the further elucidation of this ques- 
tion.^ It is of course a purely speculative discussion 
that we are embarking on, but one which will, in my 
o])ini()n, materially help in clearing the ground. And I 
may therefore say, in anticipation, that this theory is 
sii])portcd by the experiments to be recorded in this sec- 
tion and most strikingly by the history of my Linaria 
vulgaris peloria (see § 20). 

I have already stated, in Vol. I, Part II, that I regard 
the mutational period in Oenothera Lamarckiana as a 
type of the mode of origin of species in general ; that is 
to say, of the essential form of that process, the pro- 
gressive type.2 We often find in the vegetable kingdom 
analogous groups of closely related species which are 

* See Vol I, Part II and especially § 31, p. 490. 

* Vol. I, p. 259. 
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usually ranged as elementary species of larger species, 
but sometimes regarded by the best authorities as “good” 
st>ec’es. The group most closely related to our experi- 
mental series is that of Oenothera biennis or the subgenus 
Onagra]^ more remotely connected are the groups of 
Hicracium, Rosa, etc., or of Draba verna, Viola tricolor 
etc. Such groups appear to us as the relics of past periods 
of mutation. The new forms which arise from such 
l)eriodical mutations are to be regarded as honionomous 
subdivisions of the older species or as elementary sf>ecies. 

It 15 natural in such i)eriods not only that new specific 
characters should arise, but that old established latent 
ones should rcaj^pcar more easily than at other times; 
and among the mutations of Oenothera Laniarckiana our 
O. nanella is undoubtedly analogous to typical horticul- 
tural dwarf varieties, and O. laevifolia to those systematic 
varieties which arise by the loss of a character. 

These latter, liowcver, and similar retro- and degres- 
sive changes are an entirely different matter. The essen- 
tial condition for their production is always present, and 
all that is needed is the external stimulus to induce the 
mutation. 1 his, it appears, need not occur periodically, 
nor affect several characters at the same time. New horti- 
cultural varieties a])iK‘ar at irregular intervals of time, 
and here and there in the area of cultivation of the spe- 
cies. But it is eciually certain that we have to do in such 
such cases exclusively, or almost exclusively, with retro- 
gressive and degressive changes.^ Analogy and paral- 
lelism are universal, and their effects sometimes go so 
far that the characters of the species fall into the back- 
ground. Double flowers look so much alike that one 

’Sec Vol. I, p. 439; and §31, p. 490. 

*1 am excluding from this consideraton the effects of crossing. 
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often cannot tell, even from the best illustrations, to 
which genus or family a given instance belongs. 

I shall therefore throughout this Part attempt to 
describe the origin of horticultural varieties as exhaus- 
tively as possible. In the present state of our knowledge 
they fonii in niy opinion the pattern of retrogressive and 
degressive fonnation of species; just as the mutations 
Oenothera were the pattern of progressive changes. 
Together they give us some idea of the main lines along 
wliich specific differentiation takes place in nature, at the 
present time as well as in the past. 

In conclusion : Progress on the main lines of descent 
results from the production of new characters; but the 
extraordinary variety of forms results from the occa- 
sional disappearance of characters already existing, or 
from the activation of latent ones (retrogression, de- 
gression, atavism). 



IV. THE SUDDEN APPEARANCE AND THE 
CONSTANCY OF NEW VARIETIES. 

§ 8. EXAMPLES OF CONSTANT RACES. 

Hoiliciiltural varieties? are generally constant; excep- 
tions to this rule are usually noted expressly in the text- 
books. Most varieties are not only constant from seed 
but also jHire. By constant is meant that in ordinary 
cultivation they i)roduce no more impurities than are un- 
avoidal)le (that is to say, at most 3%). Absolute purity 
means that when isolated under experimental conditions 
the seeds re])roduce their own variety without exception. 
Constanc}' in this case is complete, but it is seldom of 
practical interest to bring either the old established .sorts 
or the novelties to this pitch of purity, or even to find 
out Iiow closely they approach it. 

This has, however, been repeatedly done by scientific 
investigators and especially by Darwin and Hoffmann.^ 
Insufficient familiarity with the danger of chance cross- 
ings rolibed the results of the older investigators of much 
of their value as evidence, excej^t of c<nirse in those cases 
where the race proved constant. The large number of 
observations of instances of complete constanry were ob- 

’ See the Rurkhltrk auf mcinc Ctilturvcrsuvhc of the latter author 
in the Rotanischc /cihutf:, 1881 . and th«' ijieraluo* cited there. I tine 
and ScHROTER have given a complete lis*t of Hoffmann’s papers in 
the obituary of him in Bcrkhte d. J. hot. Gescllsch,. Vol. X. 1802 p. 
18 of the last part. 
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viously made under conditions which excluded the effects 
of crossing. 

In spite of the existence of these experimental data, 
it is' still the general view that varieties are inconstant 
forms. That which distinguishes them from true spe- 
cies is suptx)sed to be their faculty of giving rise to 
occasional and not even rare reversions to the type of 
the species. This, moreover, is supposed to be a proof 
of their assumed relation to their species. ^ 

Every one of course is free to choose his own defi- 
nition of a variety. But he who makes inconstancy an 
essential part of the definition will have to exclude a very 
large number — and perhaps the most important — of our 
horticultural varieties, and regard them as elementary 
species. 

I have spent much time in the endeavor to test the 
constancy of horticultural and also of wild varieties with 
a view ])artly of directly satisfying myself as to their 
purity and partly of finding inconstant forms for sub- 
secjuent experiments. I have usually started from seed 
Init sometimes, in the case of perennial varieties, from 
lx)ught plants. Whenever possible the visits of insects 
were excluded and the plants artificially pollinated. But 
in the great majority of cases pollination has to be left 
to bumblebees and moths, and we must be content in 
l)roviding complete isolation. 

The most important point is the extent of the experi- 
ment. Absolute constancy can obviously never be di- 
rectly demonstrated. The space and time needed for 
other experiments seldom permit the bringing to flower 
of more than a few thousands of plants of one sort. 
And even if this is continued for several years the possi- 
bility of the occurrence of rare cases of atavism (e. g.. 
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once in a million) can not be excluded. The object of 
experimentation cannot therefore be to demonstrate ab- 
solute constancy. The l^est plan usually is to be content 
with a.few hundred individuals; it is even often imix)s- 
sible to get sufficient seed for more. Experiments on a 
smaller scale should only serve to confirm the results ob- 
tained in other cases; but even if they only do this they 
are, in my opinion, by no means without value. 



Fig. 7. Bidnis tripartita. Type without ray florets. 


The nearest that we can get V) demonstration of ab- 
solute constancy is to make observations on races which 
grow ,n Nast quantities in certain districts and are never- 
theless true to their ty,x*. In these case, the constancy 
«s so striking as to in<iucc many systeinatists to regard 
the fonn as a si^cies. Amongst the better known ex- 
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amples of this are the Discoidea forms of many com- 
posites. 

Moquin Tandon regarded the Discoidea^ i. e., the 
form without tongue-florets, as the Peloria of the Com- 
posites.^ They are generally regarded as having arisen 
from the Radiata fonns. Sometimes the discoid form is 



commoner than that with rays, and then the Discoidea 
form may be found described in systematic works as a 
species and the Radiata as the variety ; as for instance in 
Bidens tripartita (Fig. 7), and B, cernua,^ although B. 

* Tiratologie vSgetale, p. 179. 

* Koch, Synopsis Florae Gcrmanicae, p. 309, 
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(jratidiflora, B. bipinnata, and B. atropurpurea are well- 
known species with ray florets. B. tripartita and B. 
cernua are ve^y common in Holland and I have often 
tried to find or to obtain examples with ligulate florets, 



Fig 9. Senccio Jacohaea discoidcus, Koch. 


but as yet in vain. By this faci l)oth forms are proved 
to be constant as thoroughly as a proof can be. In other 
countries, however, the varictatcs radiaiac are known to 
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occur. Similarly Senedo Jacobaea has a Forma radiafa 
and a F discoidea^ (Figs. 8 and 9) both of which grow 
in this country and are absolutely constant. The Discoid 
deus grows in thousands ot specimens in the dunes in 
the province of North Holland ; but the Forma radiata 
grows equally abundantly in South Holland; both are 
amongst the commonest and most widely distributed spe- 
cies of our flora. For twenty and more years I have had 
them under observation, and never saw any trace of ad- 
mixture or reversion; the two varieties were always ab- 
solutely pure in the respective localities. Oi late how- 
ever, there have been some cases of intermingling near 
the limits of their areas, probably as the result of seed 
transportation. The two sorts can therefore be regarded 
as absolutely constant.^ Matricaria Chamomilla discoi- 
dea^ lias proved equally constant in my experimental 
garden, ^but Murr mentions the occasional occurrence of 
heads with rays.'^ In 1897 I raised from the seeds of a 
single plant of M. discoidea 575 plants, all of which were 
without ligulate florets. On these I only harvested the 
seeds of the weakest branches of the higher orders and 
raised 460 plants in 1898, all of which again were with- 


' See Vol. I, p. 196, 

*A valuable summary dealing with this point is given by. J. 
Mukr, Strahllose Bhithen hei heimischen Kompositen, Deutsche Bot. 
Monatsschr., Vol. 14, 1896, pp. i6i-r64. See also Botan. Jahresber., 
T. 24, 2, p. II, where rare instances of forms with rays belonging 
to normally discoid species and rayless flowers on normally radiata 
forms, arc given. I cite Senecio Jacobaea as an instance of the latter, 
in opposition to the observations given in the text. An attempt to 
discriminate half races amongst these forms (See §3, p. 18) would 
probably lead to valuable results. 

® For an account of the rapid spread of this form in Norway see 
Jens Holmboe, Nogle Ugraes planters Invandring i Norge, 1900. 
Nyt Magas, f. Naturv., Vol. XXXVTII, p. 187 (with map). The 
variety is there also fully constant. 

* J. Murr, loc. cit, pp. 161-164. 
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out ligulate florets. From these plants I only harvested 
the \)oorest possible seed on the latest branches after 
cutting away the main stem and the stronger branches ; 
but from this seed, as before, I obtained nothing but 
Discoidea (750 plants in 1899). 

Flowerheads without, or almost without, rays also 
occasionally occur in races usually normal in this resi:)ect. 
Examples of this have occurred in my experimental gar- 
den in Chrysanthemum coronarium. Coreopsis tinctoria, 
Dahlia striata nana and others.^ 

In the first volume I cited numerous examples of 
constant varieties- and showed^ that many of them were 
certainly one or two centuries old; in fact as old, or 
probably even older than, the cultivation of their species 
itself. The varieties are generally as constant as the 
wild elementary species, of which Draba verna and Viola 
tricolor^ were cited as examples. Belonging to the same 
grrnif) are the two remarkable types, which Hermann 
Muller has distinguished in Iris Pseudacorus, of which 
the one with narrow openings to tlic flower is adapted 
for pollination by Rhinejia, whilst the other is adapted 
for pollination by humble Irwin Lynch has re- 

cently comjuled a very complete and valuable list of 

’ Further examples arc given by Murr, loc, cit 

’See p. ig6. Ex.imples arc afforded by GATU.ON-sfra wherries 
(Vol 1 , Fig. 7, p. 34) and by CheUdonium laciniatum tVol. I, Fig 
3b, p. 190). 

’ On page 183 of the first volume will be found a list of the vari- 
eties known to Munting (1671) and still cultivated 

' See Vol. I, Figs. 3 and 4, pp. 22 and 23. For the constancy of 
the elementary species of Fiola tricolor sec also V. B. W^ittrock 
l^iola Studicr in Acta Horti Bergiani, Vol. II. No. i, 1897 (Cultures 
extending over three years). 

“H. Muller, Die Bcfruchtung dcr Blumcfi, p. 68. 
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constant varieties, based on data g^ven hy gardeners and 
botanists as well as on his own observations.^ 

It is a common opinion amongst gardeners that white 
flowered varieties are among the most constant They 
are very plentiful and easy to control. From the cases 
as yet investigated it may be assumed that hybrids be- 
tween them and the colored species will be colored also, 
and therefore soon and easily discovered; so that in the 
purification or fixation of these varieties the hybrids 
are usually removed soon and altogether, which is a 
very imixirtant thing for approaching constancy. Sev- 
eral investigators have tested the purity of white vari- 
eties. For instance Hildebrand^ worked with white 
Hyacinths, Delphinium Consolida, Matthiola incana and 
Lathyrus odoratus] Hoffmann with Linum usitatissi- 
mum album Hofmeister for thirty years with Digitalis 
parr'i flora alba;^ Preiin with Scabiosa alba,^ etc. 

I myself have made similar observations. I started 
by buying a few plants of each of some varieties of 
perennial species, allowing them to flower on isolated 
spots and then saving and sowing their seed. Wherever 
the isolation was complete all the offsj'ring, with a single 
exception (Aquilegia chrysantha), were white flowered. 
The following were the species tested in this way (I give 
in parentheses after each one the number of plants which 
were raised from their seed and observed in flower) : Cam- 
panula pyramidalis alba (26) , C. persicifolia alba ( 1 044) , 

' Irwin lynch, The Evolution of Plants, Joum. Roy. Hort Soc., 
Vol. XXV, Pt I, pp. 34“37» Nov. 1900 . 

* Hildebrand, Die Farben der BlUthen, p. yp. 

“Hoffmann, Botan. Zeitung, 1876, p. 5^. See also the very 
complete list of constant white varieties given by Carri^ire, pp. 12-13, 
and the literature cited there. 

* Hofmeister, Allgemeine Morphologie, p. 556 . 

“ J. PREHN, Schr. Naturw. Vereins Holstein, Vol. X, 1895, 9.259. 
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Catananche coerulea alba{S), Hyssopus officinalis alhus 
(198), Lobelia syphilitica alba (527) , Lychnis chalcedo- 
nica alba (401), Polemonium dissectum album (126), 
Salvia sylvestris alba (296). The following white vari- 
eties of annual species I also found to be perfectly con- 
stant: Chrysanthemum coronarium album (400), Godetia 
amocna, white Pearl (15), Linum usitatissimum album 
(779), Phlox Drummondi alba (SO), Silene Armeria alba 
(617). Among wild species I subjected especially Ero- 
dium (icutariiim album, which is common in Holland, 
to a severe test. In this form the pigment characteristic 
of the si>ecies is lacking both in the leaves and in the 
flowers. I found the variety constant through five gen- 
erations in my experimental garden, not a single red 
plant appearing although the sowings were conducted on 
a very large scale. Later I collected seeds of the var. 
alba from another locality and found it also to be con- 
stant (43 specimens). 

Other color varieties usually prove equally pure if 
the seeds of plants that have been isolated are sown. In 
some cases this fact is so generally known that they have, 
on this ground, been raised to the rank of species, as, 
for instance, AnagalUs {arvensis) coerulea. In 1897 I 
had 25 examples of this variety flowering on an isolated 
S])Ot, and from these in 1898 I had 866 plants which were 
without exception blue. Tctragonla expansa. whose leaves 
and flowers are nonnally reddish brown, has given rise 
to a pure green form which lias been raised to the rank 
of a species under the name of T. crystallina. This I 
also found perfectly constant. Tn 1898 I sowed about 
600 fruits obtained from a culture of 1897. Kach fruit 
contains from 6 to 10 and often more seeds, which ger- 
minate sooner or later, some oi them not until after a 
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few years have elapsed. In the course of the first, sum- 
mer 3975 seeds germinated, during the second 1082, 
during the third 88, and during the fourth 90, All the- 
5235 seedlings thus rais^ed were green without a trace of 
the red pigment, and belonged therefore to the T, crys- 
tallina. In this case, therefore, the seeds which germinate 
late are just as constant as those which germinate early. ^ 

In other cases where the constancy is just as complete 
hut liapi>ens to be less well known, the sorts in question 
are “only’’ regarded as varieties. Some of these forms 
even seem to be wholly unknown in botanical circles,^ as 
r<.r instance, Silcnc Arntcria rosea whose color is inter- 
mediate between that of (lie sj^ecies and that of the white 
variety and which is not a hybrid but an old established 
perfectly constant sort and just as “good” as the other 
two. In 1898 I had about 4000 plants raised from the 
seed of isolated plants of 1897 of the V^ar, florc rosco in 
flower; they were all of the same color as the parent 
])lants. The same result was obtained on a smaller scale 
in subsequent years. Clarkia pulchella carnca behaved 
in the same way (50 specimens). I also found the pale 
flowered Agrostemma Githago nicacensis constant (for 
10 years), and Hyoscyamns {niger) pallidus (40 spec.) 
ViXiA Agrostemma coronaria frico/or (349 spec.). Further 
examples of the same phenomenon are afforded by the 
yellow Chrysanthemum coronarium, the varieties of the 
flax with white and with yellow seeds, many varieties 
without the dark patches at the base of the petals, -which 
are characteristic of the species, as in Papaver somni- 
feriim Danebrog, Papaver commufafuni, Madia elegans 
(Fig. 10) and others. 

case with Trifolium incarnatum quadrifolium 

(See § 22). 

See Bot, Zeitung, igoo, p. 234. 
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Another interesting constant variety is ChelidoniuM 
majus latipetalum. (Fig. 11 )» for the possession of which 
1 am indebted to Prof. J. W. Moll in Groningen. It 
differs from C, majus in its petals which are so broad 
that their edges overlap so that they form an unbroken 



Fig. 10. Madia clcgans, mahLs 


crown insteail of an oi^en cross. I found it to be con- 
stant through several generations. 

The constancy of the fascialed variety of Myosotis 
alpesiris; Victoria with its broad, many-petalled central 
flowers, i_s likewise well known, as is also that of Linaria 
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vulgaris tricalcarea,^ of many glabrous forms likfe Lych^ 
nis vespertina glabra, of thornless types like Datura Stra- 
monium incrmis,^ etc., all of which I have tested per- 
sonally. Space does no\ permit of the compilation here 
of anything like a complete list of constant varieties. 



Fig. 12 , Melilotus CO erulea monophylla. Each leaf consists 
of a single blade but is more or less deeply incised. One 
of the lateral leaflets in the middle leaf on the right of 
tlie figure appears to be quite free. A, a bract from the 
inflorescence; here the leaves are least incised. 

' J. H. Wakker, Linaria vulgaris, Nederl. Kruidk. Archief, 1889, 
with plate X. ' 

® See Fig. 5 on page 31 of Vol. I. 
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I shall conclude by referring to a race of Mclilotus 
coerulea, the possession of which I owe to the kindness 
of Prof. M. W. Beyerinck (p. 63). Its leaflets^ are 
fused to a single blade in which the three main nerves 
still diverge from the base. The blade moreover has 
three distinct tips, the depth of the indentations between 
these being subject to considerable fluctuating variability. 
Not rarely the three parts are only united from the base 
to halfway up or less, and sometimes they are sei)arated 
almost to the base and in rare cases even entirely so. 
All these forms may occur on the same plant. But there 
was no reversion in my experimental sowings; every 
plant exhibited this monophylly to a greater or less ex- 
tent. 


§ 9. STERILE VARIETIES. 

One of the greatest difficulties presented by the cur- 
rent d(iCtrine of selection lies, as I have pointed out more 
than once in the first volume of this work, in the fact 
that the gradual origin of species, which is presupposed 
by it, has never been observed. In every case in which 
observations have been made sufficiently close to the 
origin of a new form, they indicate a sudden change. 
We do not find those gradual transitions which the doc- 
trine of selection would lead us to expect. The new form 
may be highly variable, and in that way the limits l>e- 
tween it and the parent species may sometimes overlap : 
but, as I have already shown ( Vol. I, § 25, ]>, 430) trans- 
gressive variability of this kind only provides a morpho- 
logical transitional series and not a genetic one. 

My object in the present chapter is to bring togetlier 

*This form has been described by Wydler, Flora. t86o. p ;:6 
and occasionally since. ’ 
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a list of further instances partly from the literature and 
partly from my own observations in order to place my 


conclusions on a broader basis 
of facts. 

The difficulty of this task is 
increased by the fact that it often 
seems impossible to show how 
those cases, in which other in- 
vestigators believed that they had 
detected transitional series, are 
(o be explained on the theory of 
mutation. This is especially so 
where the authors have simply 
relied on comparative investiga- 
tions. The results of these can 
usually be explained, no doubt, 
by tlie supposition of transgres- 
sive variability, but a proof can 
only be given if the phenomena 
in question are investigated by 
statistical methods. 

In strong contrast to these 
doubtful cases, however, there is 
a long series of observations in 
which the absence of transitions 



is practically certain. Perhaps 
the most striking of these are 
the sterile varieties which consti- 
tute one of the most serious ob- 
stacles to the current doctrine of 


Fig. 13. A flower of Li- 
Hum candtdum plenum. 
The thalamus is changed 
into a long stalk on 
which the narrow per- 
fectly white petals are 
spirally arranged. 


selection, at any rate as regards its exclusive application. 
Darwin himself repeatedly cited them as objections and 
examined them minutely. 
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In the case of the vast majority of sterile varieties 
we know neither h(»w, when nor where they arose. They 
arc propagated by vegetative methods and have been 
trom time immemorial. But they differ from their sup- 
posed parent species so markedly that they take rank 
with the l)est varieties. Nobody supposes that they have 
arisen gradually. 

The first instance that I give is Lilium candidum 
plenum, a form which is on the market. It is a well- 
known variety, the bulbs of which are offered every year 
by dealers in bulbs, in their catalogues. Instead of 
flowers it has long stalks clothed with petals (Fig. 13). 
The stalk is the elongated thalamus; the petals are nar- 
row and dead white, and of the color and structure of the 
jxitals of other white lilies. In each flower they continue 
to api)ear for several weeks ; the lowest may be brown and 
withered before the upi>ermost have unfolded. Figure 
13 shows a fairly short flower: they are often twice as 
long. Stamens and carpels are never formed; the apex 
consists of a compact bud of the youngest petals. 

We do not know how the variety first arose. It was 
first <lescril)ed by G. Vrolik in 1827. after he had al- 
ready seen it flowering for 20 years in the Botanical 
Garden in Amsterdam.^ It is therefore nearly a century 
old. In horticultural literature it is not referred to until 
much later, about 1840.^ 

Another well-known sterile garden plant is the green 
Dahlia {Dahlia variahilis viridi flora). The flowerheads 

*G. Vrolik. Over ecu rankvormiine ontwikkelin^ van wide lelic- 
hloemcn. Vcrhandclingcn cler oerste klas-st- v. h. k, Nederl. Instituut 
van Wet. te Ani.sterdam, Part I, 1827. pp. 2Q5 -,^oi, with one table 
The spike with five flowers figured there, i.s ^till preserved in our 
collection. 

*Seo M^-rat, Ann. Soc. dliartic. de Paris, 1841-1845, and Verlot 
ioc. lit., p. 91. " " 
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are destitute of flowers ; and the thin, transparent bracts 
are transformed into small green leaves. The variety 
is much cultivated in gardetis, partly as a curiosity and 
partly because their green “flowers” do not wither but 
remain fresh on the plant; which renders it of a decora- 
tive effect until far into the autumn.* The variety arose 
in a crop of seedlings about the middle of the last cen- 
tury in Boskoop in Holland, and since then has been 
grown from tubers. It occasionally bears isolated red 
ray florets but, so far as I know, never sets seed. 

Some years ago I obtained what seems to be a new 
and hitherto undescribed form of green Dahlia through 
the kindness of Messrs. Zocher & Co. in Haarlem. It 
is not known whence this form came because it was at 
first taken for the type of green Dahlia we have just 
been considering. It differs from this however in the 
fact that the green heads are not of the normal form 
and size but transformed into long green leaf-bearing 
spikes like that figured in Fig. 14 with the exception of 
the clump at the top. 

This form produced elongated flowers of this kind in 
great numbers in the nursery garden ; but it could never, 
so to speak, bring its growth to a conclusion. They grow 
until the autumn and often longer, and frequently attain 
a length of 30 centimeters and more. They behaved in 
exactly the same way in my garden until last year when 
I manured them heavily. Then there appeared from a 
few of the green “flowers” in late autumn a little head 
at the uppermost end (Fig. 14). This unfolded, but 
consisted of green bracts only ; it contained neither flow- 
ers nor seeds. The plant is therefore perfectly sterile. 

Another variety closely analogous with this is the 

* See the literature in Pknzic’s Teratologic, II, p. 71. 
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Fig. 14. Elongated Green 
Dahlia» a new variety. 


wheat ear carnation (Dianthus Ca~ 
ryophyllus spicatus). In this case 
we find instead of the flowers small 
green ears which are formed of green 
bracts arranged crosswise. This 
sterile form does not appear to be 
in general CLiltivation, although it is 
perennial; nevertheless it turns up 
here and there in crops of seedlings 
especially of mixed varieties. I cul- 
tivated a plant arisen in this way; 
most of the ears were sterile as 
usual, but some of them produced a 
flower at their top. From these I 
obtained several germinative seeds. ^ 

The green rose has been known 
from time immemorial, but the green 
Pelargonium aonalck a modern prod- 
uct. In botli cases the petals and 
stamens are transformed into green 
leaves. They arc said to be perfectly 
sterile, and are only propagated by 
cuttings. 

Many double flowers never pro- 
duce seed, and this is especially true 
of those forms whicli do not develop 
structures iinermediate between sta- 


mens and [petals, but are described 
as instances of Petalomania.^ Ra- 


After having been sown tbe«;e seeds 
have repeated the wheat -ear variety (Note 
of ICJ09;. 


.f' n E. ^EBEL, Pcitfiigc zur Kctwhiiss ge~ 
fulltcr Bluthcn, Jahrb. f zvtss Bot Vol 
A VII, pp. 217-219, and elsewhere. ' 
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nunculus acris (Vol. I, Fig. 40, p. 194), Caltha palustris, 
Anemone nemorosa, Hepatica triloba, Tropaeolum majus 
flore pleno. Clematis recta, Barbarea vulgaris floribus 
plenis and many others are alleged in horticultural litera- 
ture to be perfectly sterile. Double varieties of compo- 
sites also afford instances such as Achillea Ptarmica, 
Ageratum mexicanum (some varieties), Pyrethrum ro- 
seum etc. Others, such as Anthemis nobilis, are known 
to bear seed from time to time and so do not belong here. 

Viburnum Opulus, Hydrangea hortensea, Muscari co- 
mosum plumosiim and others have become sterile by the 
Irnnsformation of their reproductive flowers into sterile 
ornamental ones. Bananas and other seedless fruits 
have already been dealt with in the first volume (p. 195). 

Many varieties of the sugar-cane never set seed, such 
as the Cheribon cane which is the richest in sugar. This 
variety, which extends over vast regions, consists of a 
single individual; that is to say, it is derived from one 
single unknown stock plant and has always been propa- 
gated by cuttings or so-called Bibits only. 

Robinia Pseud- Acacia inermis^ is also said never to 
flower; and is only propagated by grafting. 

If this sterility affects annual species or such as 
cannot be permanently reproduced by vegetative means, 
the sterile form must vanish sooner or later. Such forms 
hardly deserve the name of variety, and are usually 
spoken of as monstrosities. But, in regard to their ori- 
gin, they are perfectly analogous with the sterile forms 
of which we have already treated. In the first volume 
(p. 195, Fig. 41), I gave the sterile maize as such an 
instance. More remarkable still is the unbranched Fir 
(Pinus excelsa aclada or monocaulis) which Schroter 

^ De Candolle, Physiologic, II, p. 735. 
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has described in his excellent monograph. The whole 
plant consists of a single branchless stem, which is merely 
slightly swollen at the limits of every year’s growth; the 
needles remain adherent for a long time.^ This form 
has appeared in diverse localities. Schroter records 4 
examples from Italy, one from Baden, several from 
Westphalia, Mittelfranken and Bohemia, and some from 
Mariabrunn near Vienna. The majority of these plants 
reached a height of 1-2 meters, a few of them as much 
as .5-6 meters ; some of them arc still alive 

Rimpau has described an instance of sterile rye,^ 
Ears of this rye appeared almost every year during a 
period of more than ten years; they were often much 
and sometimes excessively branched, especially in years 
and localities where the rye was very thin. But as ears 
of this kind occurred on plants which also bore normal 
ones, the repeated appearance of the anomaly may per- 
haps be due to inheritance. 

And lastly, instead of giving a further record of the 
numerous existing sterile varieties, let me refer to Nitclla 
syncarpa, which has recently been described by A. Ernst, 
and which bears, instead of oogonia, incompletely devel- 
oped antheridia which never produce spermatozoids.**’ 
The examples in question were observed near Zurich, 
and were completely sterile. 


f Schroter, Ueber die Fichte (Picea cxcelsa 

Link) Vierteljahrsschr. d. nat. ties, in Zurich, Jahrg. XLITI, i8g8. 
Parts 2 and 3, pp. 50 " 53 » *8. ihis valuable work contains a 

very full review of the \arieties, forms, and monstrosities of this 
highly ‘'variable tree. 


* Deutsche laudzvirtkschaftliche Presse, Berlin, October 4, 1800, 
where photographs of monstrous ears of rve arc given. 

* Alfred Ernst, Ueber Pseudo-IIermathrudiUsmus bei Nitella 

syncarpa. Flora, 1901, Vol. 88, Part 3 , with Plates Mil, 
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§ 10. INSTANCES OF RACES WHICH HAVE ARISEN 
SUDDENLY IN NATURE. 

In nature, elementary species are, as is well known, 
not connected with their closest allies by transitional 
forms. Nevertheless fluctuating and transgressive varia- 
bility frequently bring about the appearance of contin- 
uous series, which however on closer examination espe- 
cially by statistical methods dissolve into perfectly dis- 
tinct component units. ^ In very many cases these Lran- 
sitional forms are absolutely lacking, and the separation 
of a particular form as variety, subspecies, elementary 
sj^ecies, or even species, is mainly founded on their ab- 
sence. 

The absence of transitional stages in the case of forms 
which have been long familiar and are widely distributed 
obviously tells little concerning their mode of origin. 
Results are more likely to follow from the investigation 
of those cases in which the types in question are local 
in occurrence and in which, therefore, if transitional 
stages should occur, one would expect to find them in the 
locality inhabited by the plant. In some instances an 
exhaustive and minute study of the geographical distribu- 
tion of certain varieties has led to the discovery of the 
center from which distribution took place. Ascherson 
and Magnus obtained a result of this kind with the 
pale fruited varieties of the European species of Vac- 
cinhim and some related Ericaceae.^ In inquiries of this 
kind, the absence of transitions at the present time points 
to the conclusion that they may never have existed. 

^ See Vol. I, Part IT, § 25, p. 430. 

® P. Ascherson and P. Magnus, Vcrhandl d, k. k, sool.-bofan, 
ucscllschaft in IVien, 1891, p. 677. 



96 


Sudden Appearance and Constancy. 


In contradistinction to these more or less distributed 
varieties, there a whole series of records scattered 
through the literature of cases in which a new form has 
•icen found on a particular spot under circumstances 
which warrant the conclusion that it has arisen exactly 
there and fairly recently. In such cases transitional forms 
are always lacking, a fact which proves pretty conclu- 
sively that such have not been produced in the origination 
of the form. In Part II of the first volume two cases 
afforded by Oenothera Lamarckiana were described in 
detail: T refer to the appearance of 0. brevistylis and O. 
laevifolia on the original locality at Hilversum. Both 
species proved, when tested, to be perfectly constant from 
seed, without any atavism; and transitional forms were 
not seen in the field. If these species had arisen where 
I found them, their origin must have taken place between 
the year of the introduction of the species and the first 
year in which I discovered them; that is, between 1870 
and 1886 (See Vol. I, p. 266). 

I'he most important and accurate observation of such 
an occurrence is that which has recently been recorded 
by SoLM.s-LAraACH, and deals with a species newly 
arisen from Capsclla Bursa Pasloris."^ This was found 
by Professor IIeeoer in the market place near Landau 
amongst the ordinary Shepherd’s purse and called C, 
Ilecgeri after him. by Solms. It occurred in 1897 and 
1898 in very small numbers and only on this one spot. 
In its vegetative parts it is exactly like C. Bursa pastoris, 
from which it only differs in the form of its fruits. But 
the differentiating characters arc of the rank of some of 

MT Graf zr SnuM‘; Laitbai u, Cnuifc^cn-Studlen, Botanische 
Zeitunj?, iQcx^ llcft X, CVt , i. igoo, pp Plate VIIT. 
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those which serve to separate genera amongst the Cru- 
ci ferae. 

The fruits of Cap^cVa Heegeri are oval, and about 
as thick as they are brorxl The seeds arc notorrhizous. 
The valves lack the firm anatomical structure, character- 
istic of the normal valve, but are soft and full of sap, 
a condition which may be considered as due to arrested 
development. On the weaker branches in the autumn, 
deviations from this type occur which revert more or less 
to that of C. Bursa\ moreover the flowers and young 
fruits may develop into malformations, as the result of 
tile attacks of Cystopiis candidus, which closely resemble 
thv>se of C. Bursa past oris. 

The seeds of isolated plants of C. Heegeri gave rise 
solely to the parent type (382 examples) without rev^er- 
sion to C, Bursa, 

There can therefore be scarcely any doubt that C. 
Heegeri is a good elementary species which arose from 
C. Bursa in 1897, or a few years previously, somewhere 
near Landau. It is moreover a species which is dis- 
tinguished from its nearest allies by characters of far 
greater systematic importance than those which separate 
many species of known origin. 

I myself found a Stellaria Holostea apctala not far 
from Wageningen in Holland under similar circum- 
stances (1889), and also in the same year the well-known 
CapscUa Bursa Pastoris apetala^ near Horn in Lippe. 
But I did not succeed in obtaining seed from either of 
them. In 1888 I collected some seed of Lychnis vesper^ 
fina not far from Hilversum and obtained some per- 
fectly glabrous plants by sowing it. The new variety 
L, V. glabra proved fully constant as soon as I was able 

'See Penztg, Teratologic, I, p. 267. 
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to isolate it, and has maintained itself up to the present 
day without ever reverting. 

So far as published data go, forms which have sud- 
denly api)eared in nature, or have not previously been 
noticed,' prove constant, provided that cross-pollination 
is guarded against. In the opposite case they will prove 
themselves pure as soon as they can be isolated. One 
of the oldest cases in point is the constancy of Ranun- 
culus an^cnsis incrmis which was established by Hoff- 
mann,^ The majority of records refer to trees of which 
the larger number of varieties, if not all, according to 
Darwin himself, have arisen suddenly,^ such as the 
weeping oak, tlie weeping white hawthorn, etc.*"^ A single 
specimen^ of Fagus sylvatica asplcniifolia was found in a 
wood in Lipi^-Detmold and could be multiplied from 
seed. According to Loudon, Taxus baccata fastigiata 
was found in 1780 growing wild in Ireland f but no pure 
seedlings of it have been obtained since only one speci- 
men was observed (a female one). 

The above list of cases is not a rich one ; but it makes 
no claim to completeness. The observations in point are, 
witli few evreptions, relatively incomplete inasmuch as 
there is always the i>ossibility that the first discovery of 
the new s]>ecies or variety may have been preceded by 
a long period of evolution. If we assume this to he true, 
the absence of transitional fonns and the constancy of the 

'Hoffmann, Bot. Zeitung, 1878. p 273, where several other 
examples will be found. 

•Darwin, Variations, I, pp. 461-463, 

•Further examples are given by Braun, Verjungung, p. 333 
(the sudden origin of red-leaved varietie-; of Quercus. Corylus, etc.). 

*Ratzerurg. cited by Braun in Abh, d k Akad. Berlin. i8'?q 
p. 217. 

“L. Beissner, Handburh dcr Nadelholskundc, 1891, p. 169. A 
great number of further example^ is given in this work. 
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new form are the only arguments for its sudden 
ance. 

§ II. HORTICULTURAL VARIETIES WHICH HAVE ARISEN 
SUDDENLY. 

It is a matter of common knowledge that horticultural 
\arieties have very often arisen by sports. But opinions 
differ on two points. One is an empirical one and relates 
to the question of constancy; the other relates to the 
meaning of the word variety. The two points are nar- 
rowly bound up with one another. If the new form is 
not constant and pure from seed but frequently reverts 
to the parent species it is usually supposed to be derived 
from that species and is treated as a subdivision of it. 
But if the new form is as constant as the parent species, 
the empirical means of demonstrating its relationship 
are lacking, and the conclusions are drawn from his- 
torical data and based or analogy; a proceeding which, 
as wc all know, often leads to differences of opinion. 

Besides the historical records the main point in such 
cases is always the proof of the constancy from seed. 
But inasmuch as the interest of the practical man only 
extends to the question whether the variety can be con- 
veniently multiplied by seed and is not concerned with 
the possibility of occasional reversions, such information, 
especially in older cases, can only be accepted with cau- 
tion. 

With this reservation, I propose to give a brief review 
of some of the better known instances. But before I 
do this I will call attention to a very beautiful variety 
which I have not yet found described nor seen in trade- 
catalogues, but which has appeared in my own cultures. 
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Fijg. 15 represents a single Dahlia, whose ray florets 
are all transformed into long and broad tubes which are 
open above. The same thing occurs in many other com- 
positesyr for instance in Chrysanthemum segetum fistu- 
losum. Coreopsis tinctoria fistulosa, etc. On the analogy 
of these cases I propose to call this new Dahlia, Dahlia 
variabilis fistulosa. This variety arose from a crop raised 



from the seeds of D. var. Jul Chretiau a dwarf single 
Dahlia with red flowers of tlie color of red lead, the 
tuljers of which I had Ik, tight in 1892 in Lyons. From 
the seeds which I saved in that year irom this variety, 
I raised in 1893 several plants of which one had a white 
flower. I only sowed seeds of this in 1894.1 It was 
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in the crop thus raised that the plant which bore the 
flower head shown in Fig. 15 appeared. The^lor was 
dark carmine red, not that of red lead. The flower heads 
were all fistulous from the ^Deginning of June until well 
into October ; but the later flowers manifested the ab- 
nonnality in varying degrees. Either the base only of 
the tube was clewed ; or only some of the ray florets had 
the form of a tube. The plant had to be left to free 
crossing with its neighbors so that no observations of 
real value as to its constancy could be made. Neverthe- 
less tin's was pretty considerable, for, from the seeds of 
niy fistuiosa I raised 43 plants in 1895 of which 25, that 
is to say more than half, had the characters of the new 
variety. 

The origin of Chclidonium laciniatum from C. majus 
was described in detail in the first volume (p. 189, Figs. 
36 and 37) ; where a series of other cases will also be 
found. Verlot {loc, dt.. p. 34) describes /.geratum 
cocndcum nanum as a novelty which is sometimes sterile, 
l)ut sometimes occurs as a fertile and constant variety. 
Verbena hybrida, ‘‘a fleur couronnee’’ arose about 1889 
from the variety “a fleur d’auricule,^’ it immediately 
1 ) 1 - 0 ved constant and after only two years was put on the 
market by E. Fourgeot of Paris.^ Robinia Pseud-Acacia 
rosea was found by Decaisne in a crop of ordinary 
A.cacias , and Glc ditscliia sinensis merniis arose in the 
same way, as also did Sophora japonica pendula which 
appeared in M. Joly\s nursery garden in Paris about 
1800.2 In 1860 a new strawberry ''Reus van ZnidwyV’ 
appeared in Boskoop. Its leaves and fruits were larger 

* See his Catalogue for 1891. 

* Verlot, loc. cif., pp. 59, 92, 93. 
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and altogether better than any varieties then known; it 
was constant from the first and spread rapidly. 

I shall conclude this summary with a reference to the 
new species of Tomatoes which Bailey has recently 
described.^ He describes the origin of two new fonns 
which he has called Upright and Mikado and which arose 
in his cultures. They differ from one another and from 
the parent species by more definite and more numerous 
characters than many among the older forms which are 
recognized as good species in the genus Lycopersicum. 
They arose suddenly as usual and were propagated by 
seed. 

The ol)scrvations recorded in this and the two preced- 
ing sections, which are far from constituting complete 
lists, show that the origin of varieties and of elementary 
species both in the garden and in the field is amenable to 
c.xiierimental investigation, for the phenomenon is by no 
means so rare as is generally believed. The botanist 
will investigate the indifferent and useless forms with 
just the same result as the profitable ones, to which alone, 
of course, the practical man pays attention. The cultures 
need not he very extensive to afford novelties from time 
to time, though these must not be expected the first or 
every year. Once obtahied, all that there is to be d<me 
is to isolate them as soon as they appear and pollinate 
them artificially. But it is far more important to go 
back to their ance.stors, ]>artly not to lose the historical 
evidence, but mainly in order to sow the seeds of these 
ancestors again and to find out if the novelty will lie again 
produced, and if possible to di.scover the conditions which 
<letennine its appearance, Llnfortunately there are many 
plants which do not lend themselves to such experiments, 
L. IL Bailey, Suft’iz'ai tf the Unlike. 
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either because they produce no seed or yield too small 
a harvest when self-fertilized or because they cannot be 
artificially fertilized on a sufficiently large scale or be- 
cause the number of seeds produced, even under normal 
conditions, is tw small. Moreover one is almost abso- 
lutely confined to annual or biennial .species or to such 
perennial ones as flower freely in the first year. 

B;.t ill spite of these difficulties and of the incom- 
jileteness of the observations made hitherto, we may 
safely conclude from them the ixissibility of an experi- 
mental study of the origin of horticultural varieties.* 

^ I sin 11 describe an experiment of this kind with Littaria vul^ 
f^ai is pdoria in § 20 . 



V. ATAVISM. 


§12. ATAVISM BY SEEDS AND BUDS. 

Hofmeister in his Allgenieine Morphologic defines 
atavism in these words: “The occurrence of reversions, 
tlie offspring of a variety of known origin resembling 
the parent type” (p. 559). 

According to the meaning of the word “known” in 
the above definition the term atavism may embrace quite 
a series of phenomena of the most diverse importance. 
It may mean either that this origin must have been actu- 
ally observed, or that it can Ije inferred with sufficient 
certainty from comparative and systematic studies. If 
^vc are merely dealing with morphological questions this 
distinction may apjiear unessential, but as soon as our 
object is to test l?y experiment the results obtained, it 
Ix-'comes of the highest importance, h'or to obtain true 
experimental proof of atavism it is obvious that the 
origin of the forms should be known directly by observa- 
tion. 

The origin of a whole series of varieties and ele- 
mentary species from their parent forms, however, is 
sufficiently established by the historical evidence relating 
to their first appearance. It seems therefore feasible to 
confine our attention to such cases and to draw a distinc- 
tion between physiological and phylogenetic atavism. The 
former is reversion to actually known ancestors, the latter 
to systematic ancestors. 
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But before I proceed to examine these two forms of 
atavism more closely, I think it desirable to state that I 
here use the word “atavism” in its narrower sense, for 
in its wider sense it embraces so large a group of phe- 
nomena that it would not be possible to deal with them 
all within the limits at my disposal. It seems worth while 
to indicate the more important of these types because they 
are c?ten confused with one another and because results 
obtained with one form are often taken to apply to an- 
other, simply because they both go by the same name. 

We must first of all draw a sharp distinction between 
atr-vism as applied to variability and as applied to muta- 
bility. Ill the first case we are dealing with the phenom- 
ena presented by a single heritable character ; in the latter, 
with the conflict of two or more. In the improvement 
of races the offspring do not resemble the selected pa- 
rents, they always revert partly towards the mean of 
their ancestors. We are of course dealing in such cases 
with the phenomenon of regression which was fully dis- 
cussed in the first volume (pp. 82 and 120) ; and it 
w<)uld be better to refer to all those individuals of less 
value which are eliminated in selection as regressive and 
those which exceed the level attained by their parents as 
progressive. But it is customary to call the former atav- 
ists ; and, as a matter of fact, they exhibit the degree of 
development of the characters in question as it was mani- 
fested by their grandparents and more remote ancestors, 
and not as in their parents. They could perhaps be 
called “curve alavists,” since this term does not suggest 
a reversion beyond the curves in question.^ 

The most fascinating section of the subject of atav- 
ism is that which deals with so-called “youth” forms 

* See the pedigree of the many-rowed maize, Vol. I, p. 73, Fig. ik 
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and with related phenomena. Goebel^s admirable in- 
vestigations have demonstrated the wide distribution of 
these phenomena and their great importance to the theory 
of descent.^ It is now a matter of common knowledge 
that many plants, and indeed whole groups of species, 
exhibit characters when young which they either lack in 
the adult state, or which in later life appear only under 
definite circumstances. Beissner's discovery^' that whole 
genera of cultivated Coni ferae, such as Rctinospora, are 
only youth-forms of other known types such as Thuya \ 
and Reinke’s investigations'^ into the earlier stages of 
Leguminosac, as well as the work of many others, have 
resulted in the accumulation of a mass of information 
relating to this subject. Shim and Berula in their early 
stages have the doubly pinnate and finely slit leaves of their 
close cillies ; the thorns of Berbcris on the so-called suck- 
ers revert to the foliate form. These phenomena, how- 
e\'er, fall mostly within the sphere of systematic botany, 
and only concern the study of variability in so far as they 
are dependent on external influences. 

We must further exclude from our considerations 
the efifects of crossing. The so-called reversions of the 
horticidturists which are brought about either by acci- 
dental crosses with the parent or by unconsciously using 
hybrid seed, certainly occupy a very prominent place 
m the practice of horticultural selection, but they should 
be rigidly excluded from scientific speculations. And 


lich, J^^^in^dformen von PHanzcn und deren kunsi- 

graphic ", Part I 

*L. Beissner, Handbuch der Nadelhohkundc, 1891. 

vXxvv Pnrtc T V a Mi-bucher fur wibsensch. Botaii 

vol. AXX, Parts i and 4, pp 1 and 71. ^ uidii., 
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this is true not only of those cases in which the cause 
of the reversion is jjerfectly plain, but still more of those 
in which the facts observed may lead us to suspect a cross 
either in the previous generation or in more remote years. 
By excluding such cases, however, the apparent abun- 
dance of data relating to experimental atavism is very 
much reduced ; but it is obviously better to build on a few 
reliable facts than on the highly insecure basis formed 
by the numerous data which have hitherto been collected. 

With these reservations I shall now turn to the dis- 
tinction between physiological and phylogenetic atavism, 
luich has its own sphere. The object of the study of 
the former is to discover the laws to which this form 
of variation conforms. That of the latter is to discover 
the ancestors of the species in question either by the ob- 
servation of chance deviations, or by cultures and selec- 
tion. 

Heinricher's extensive studies in the genus Iris 
sliow how fruitful may be the application of selection 
in tlie study of phylogenetic atavism.^ The cultivated 
plants of this group are well known to be highly variable, 
and the favorite Iris Kacmpferi with its large flowers 
affords numerous opportunities for the study of tetram- 
crous and pentamerous flowers and of other variations. 
Heinkichfr, starting from occasional anomalies pre- 
sented by Iris pallida, and working on a methodical sys- 
tem of selection, has raised an atavistic race which he 
calls Iris pallida abavia.^ The individual anomalies could 
not, it is true, be fixed although they were selected for 
three generations, but a series of new types gradually 

^ Carri^ire^ Production et fixation des varietes, 1865, P* 65. 

E. Heinricher, Versuchc iiber die Vererbung von Ruckschlags^ 
crscheinungen. Jahrb. f. wiss. Bot, Vol. 24, Part I, 1892, and Iris 
palltda abavta in Biolog. Centralbl, Vol. XVI, No. i, p. 13, 18^. 
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appeared and threw a definite light on the probable na- 
ture of their common ancestor. This is regarded as being 
an extinct form, with an hexamerous perigon of equal 
petals, and six stamens. A still living form, Iris falci- 
folia, possesses such a perigon but has only three stamens. 

The reader who is interested in this branch of in- 
quiry and in ihe highly important results which it has 
afforded, is referred to the works of this author for 
further information. 

I now return to the main question, viz., that of phys- 
iological atavism. Here we are concerned not with the 
production of new forms but with an inquiry into the 
processes which underlie the reappearance of preexisting 
diaracters. The character in question is, therefore, one 
that is still retained in that species from which the one 
under investigation is descended. Atavism is in this 
case to l)e regarded as an oscillation l^etween two empir- 
ically known extremes. The field of oscillation can ob- 
viously not l)e very considerable, for only in cases of very 
close relationship is the common origin of two forms 
historically ktiown to us. 

In this restricted province also, atacism may be 
brought about by fluctuating variation as well as by muta- 
tion. In the case of the former ?t is merely a transitory 
phenomenon and dc|x?ndent on external conditions; but 
in the second case it leads to the origin of a race which 
externally resembles the ancestors of its parent form. 
Variational atavism seems to be a phenomenon which 
plays a large part in the sphere of semi-latent characters. 
As an example of this I cite the case, dcscril)ed alx)ve, 
of the five leaved clover (§ 5. p. 36) which always bears 
a certain number of trifoliate leaves especially under 
unfavorable conditions. These trifoliate leaves obviously 
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constitute a reversion to the normal clover leaf but^ Oti 

the other hand, they are merely the extreme variants in 

the curve of the five-leaved 

race (Fig. 6, p. 48). A 

similar state of affairs pre- 

vails in numerous cases of 

semilatency where the range 

of variation of a character 

is occasioned by the antag- 

onism of two characters. fjSS^ 

Mutational atavism must 
obviously be as rare as mu- 
tat ion itself. The reversion 
of striped flowers to self- 
colored ones, the heritable 

atavism of Plantago lanceo- ' 

lata ramosa, and the incon- 
stancy of the peloric Lina- 
ria, are facts which we shall yi \ 
have to consider below. \ ■ 

Physiological atavism W 

can be manifested by plants 
propagated by seeds or by Y 

buds. In the case of the m 

former definite proof is 
only possible under excep- ^IH 

tionally favorable circum- ™ 

stances; in the case of the 

I , , , fasHgtafa, The main stem bears 


latter it is at once evident 
(Fig. 16 at A). The pub- 
lished records of atavism 
in crops of seedlings are 
always subject to the sus- 


the upright branches with leaves 
inserted on all sides, character- 
istic of the variety ; but has pro- 
duced at A, where a branch has 
been cut off close, several 
branches with flat spreading bi- 
serial leaves such as are char- 
acteristic of the parent species. 
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picions indicated above. I mean that they occur so rarely 
and in so few individuals that the possibility of a previous 
by means (»f insects, with the pollen of allied forms, 
even if growing a long way off, can never be quite ex- 
cluded. It is only in cases in which, as in that of Oeno- 
thera scintillaus (Vol. I, pp. 245 and 377), a species pro- 
ducts a large number of atavistic individuals every year, 
that the phenomenon easily lends itself to experimental 
study. 

On account of the circumstances indicated, it is not 
j)Ossible to say wliether atavism in plants propagated by 
seed is a common or a rare phenomenon. It is certainly 
much rarer than the i)ractical gardener usually imagines. 
I have observed in my cultures a numl)er of cases wliich 
might have iK'en called atavistic with more or less cer- 
tainty, but only the cases of regularly inconstant races, 
such as those of Plantiujo and Linaria, and the phenom- 
ena presented by striped dowers, to be described shortlv, 
seem to me to be sufficiently well established to be ad- 
duced as instances of atavism. 

Atavism by bud-variation, on tlic other liand, is a 
well-known phcuMinenon. One of the best instances is 
shown in Fig. 16. It rei)resents a vertical branch of a 
bush of Cephalotaxus f^ednnculuta fastiyiata ( Podocarpus 
Koraiana Horf) Below the middle of the figure can 
l)e seen the place where a branch lias been rut off. and 
from the .side of its ba.se .some lateral bratjches have arisen 
with flat spreading leaves (Fig \6 ^ The variety 

Fastigiata has erect branches only and their leaves are 
inserted on all sides: but the branches at .\ have the 
structure of the parent s|X‘cies, C. prdnnnilara: tlieir 

* For a «?eries of iiilcrc^ting experiments relating to tln^ mihiect 
see Mutations ct traumatisfnos In L B. \»ixr,nEM (Xote of 
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leaves project to right and left, and their, side branches 
are horizontal, making the whole shoot flat with definite 
dorsal and ventral surfaces. The bush which grows in 
our garden and bears several branches with similar bud- 
variations, I owe to the kindness of Messrs. Zocher & 
Co.^ nurserymen in Haarlem. The variety can only be 
propagated by cuttings, as it never flowers,^ and these 
produce reversions of this kind pretty regularly, both in 
the nursery of Messrs. Zocher & Co. and elsewhere. It 
aj^pears to have been first observed in 1863 by Carriere 
in Paris, ^ and since tliat time by many others. This re- 
markable case is well worthy of a closer study. The 
perfectly analogous Taxus baccata fasti giata never ex- 
hibits atavism by bud-variations, so far as I know.'*^ 

The phenomena of bud-variation have hitherto not 
received from botanists the attention they deserve. In 
a few cases we know that the phenomenon is preceded by 
a sectorial segregation, as for instance in striped flowers 
(§13) and variegated leaves (§ 24) ; but as a rule there 
is no available information even on this point. Another 
point which awaits investigation is the nature of the 
oiTspring of self-pollinated bud-variants.'* It seems cer- 
tain that new types sometimes arise in this way, but much 
of the proof in favor of this will not bear scrutiny. Under 
these circumstances it seems desirable to direct more gen- 
eral attention to this phenomenon'^’ by means of some 

^ Beissner, Handbuch, loc. cit, p. i8i. 

“ Carriere, loc. cit , p. 44, with Figs, t and 2 ; see also Carriere, 
I'raiie general dcs Conifcres, p. 717; and James Veitch & Sons, 
A Manual of the Coniferae, 1^1, p. 308. 

® See Carriere, loc. cit., and Beissner, Handbuch, loc. cit., p. 169. 

Hn the older records attention is seldom paid to pollination; 
sec tlic literature in Carriere, loc. cit., p. 59, and Darwin, Animals 
and Plants, 1 , 525; II, 442, etc. 

Carri^:re gives a very complete list ; loc. cit., pp. 42-56 ; see also 
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further examples. They are taken mainly from woody 
plants because herbaceous and especially annual plants, 
with the exception of the instances named and of hybrids, 
very seldom exhibit bud-variations. 

Green branches on red-leaved bushes and trees are 
not rare and are for instance often seen in the variety 
atropmpurea of Corylus Avcllana, C. tubulosa, Betula 
alba, and in the copper beech. The red bananas with their 
red fruits have given rise to a green variety with yellow 
fruit in spite of the fact that they are sterile.^ Braun 
mentions an example of Kerria japonica plena which pro- 
duced some branches with single flowers.^ On a garden 
Hortensia producing only large sterile flowers, Focke 
observed a branch bearing inflorescences with little fertile 
flowers in the middle of a circle of large ornamental ones 
as in the wild form/^ 

Trees with laciniate leaves habitually give rise to re- 
versions on solitary branches, as for instance Fagns syU 
vatica aspicniifolia, Carpinus Bctiilus heterophylla, Sam- 
bums nigra laciniata, Cytisus Laburnum quercifolia, Vitis 
and others. (Braun, loc. at.) The same is true of 
Salix babylonica crispa, of the parsley grape, of nec- 
tarines, and esi>ecially of roses and bulbs (Hyacinthus, 
Gladiolus, tic.) although the possibility of previous crosses 
makes the latter cases still doubtful. 

In conclusion, this list shows that the series of cases 
which are amenable to experimental study is by no means 
small. On the other hand the number of examples is 
sufficient to demonstrate the pretty general occurrence 

Hoffmann, Bot. Zcitung, i88i, p. 395; Darwin, he . cif ., T, pp. 476- 
530; Hofmeister, Allgemetne Morphologic, p. 56^3. ctr. 

' Fr. Muller, flora, Vol. 84, 1897, pp. 96-99. 

^Abh. d. k. Akad. Berlin, 1859, p. 219. 

*Abh. d. Naturf. Fereitis Bremen. \"ol. 14. 1897, p 276. 
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of reversion of varieties to their parent species, and there- 
fore to suggest that the characters of the latter were not 
lost when the variety originated, but only became latent. 


§ 13. VILMORIN’S SUGGESTION AS TO THE ORIGIN OF 
STRIPED FLOWERS. 


One of the oldest and best-known instances both of 


bud - variations and of 
sectorial splitting is af- 
forded by certain so- 
called variegated garden 
flowers and particularly 
by the annual Larkspurs, 
Delphinium Ajacis and 
D. Consolida, All phases 
of the phenomenon can 
be followed in this case 
with great ease, for from 
time immemorial these 
varieties have borne 
flowers which show the 
most varied striping on 
a background of a dif- 
ferent color; and they 
also produce flowers a 
half or a third or some 
other fraction of which 
uniformly bears the color 
which commonly only 
appears in stripes (Fig. 



19). Flowers of this Fig. 17. Delphinium Consolida strut- 
, . j j plenum, A plant in flower, 

kind may be scattered 


over the whole plant, but are oftener distributed in such 
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cl WEy thEt those on one side of e spike Ere uniform End 
those on the other striped.^ Flowers which Ere inserted 
at the boundaries of the two regions exhibit on one side 
the color of one sector and on the other half, the stripes 
of the other. A diagram of such a branch is shown in 
Fig. 18 in which the flowers Nos. 1, 4, 6, 9, and 11 are 
dark blue, Nos. 2, 5» 7, 10, 12, and 13 pale red with scat- 



i8. Dclphimum Consnlida slria- 
lum plenum. DiaRram of a branch 
of which the left half was blue, 
and t»f which the right bore flowers 
with fine blue stripes on a pale red 
background. 1899. 



Fig. TQ. A sectorial flowet 
of the same variety. The 
whole right half was dark 
blue; the left, pale red 
with scattered blue stripes. 


tered blue stripes, and Nos. 3 and 8 half blue and half 
striped. I obtained this liranch in my culture of 1899; 
similar cases are not .it all rare. Branches wilti nothing 
hut blue flowers also occur, but the seeds obtained from 
the self-fertilization of such flowers gave rise in my gar- 
den to the striped variety and not to a pure lJue progeny. 

* Exactly the same phenomenon is seen in the seedcoats of Ptsuw 
The minute purple spotting charactenslic of some green-.sk inned 
varieties sometimes takes the iorm of a deep nnifonn purnle These 
uniformly purple seeds produce the ordinar> form with small purple 
spots and no more full purples than are iisualK produced (Trans- 
Jator s Note.) 
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On the other hand a certain percentage (often 5 % and 
more) of the plants raised from the seeds of striped 
flowers and especially of sectorial branches are usually 
uniform blues. ^ 

I'he phenomena of segregation which we have been 
describing are quite common in striped flowers, and any 
one can observe them in Dahlia variabilis striata (Vol. 
I, Fig. 14, p. 54), Mirabilis Jalapa, Verbena and many 
other favorite garden flowers. Sectorially colored flow- 
ers ai:)pear to manifest a tendency towards a simple pro- 
portion between the two parts. Frequently exactly half 
of the flower is atavistic, sometimes a quarter or three 
quarters. I observed the proportion % in white and red 
striped tulips and in partially dark blue and partially pale 
blue flowers of Iris xiphioides, etc. In these cases the 
various types frequently occur on the same plant, or in 
the case of plants grown from bulbs, on examples raised 
through vegetative propagation from a single original 
bulb; for instance on the tulips and Iris just mentioned 
there were also flowers of which one-half of each was 
atavistic. 

Sectorial variability often occurred in my cultures, 
as for instance in the flowerheads of Helichrysuni brae- 
teatmn and the flowers of Papaver nudieaule (Fig. 20), 
in both of which cases stripes or sectors of the color 
belonging to the parent species were superimposed on 
the paler background of the variety. A common balsam 
(Impatiens Balsamina) whose flowers were usually white 
with fine red stripes bore a branch with red flowers only 
in my garden. The whole breadth of the fasciated stem 

' A point of great interest to investigate would be the relation 
between sectorial variability and cell division in the vegetation cone ; 
clues which might lead to the solution of many important questions 
would probably be afforded by such an inquiry. 
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oi the striped cockscomb or Celosia variegata cristata, 
is traversed by longitudinal stripes of different colors, 
yellow and red according to the variety. Dahlias how- 
evei exhibit the most prodigal wealth of color of all 
variegated flowers, especially those varieties known as 
Fancy-flowers.^ In this case the color is in some way 
connected with the amount of doubling, which often ex- 
hibits sectorial variations and bud- variations at the same 

time.^ Striped Dahlias 
give rise to these partial 
variants sometimes very 
rarely, but sometimes in 
such abundance that a 
good variety is often ex- 
posed to the danger of 
being lost thereby. In 
most of the cases we have 
to do with two types which 
are manifested in various 
degrees of association and 
separation. Cases in which 
more than two forms are 
combined and which there- 
fore may produce by bud- 
variation two or more 
tyi^es on the Same plant, 
besides the normal one, 
have been described; but they were probably hybrids. 
Central dissociation seems to be a very rare phenomenon, 
but of Mad. H. Vourchy, a variety which usually has 

'Sec Groombkidge's Treatises on Flortsf*s Flowers; The Dahlia, 
1853, and the extensive literature winch has appeared since. 

•Vilmorin-Andrieux, Les Heurs de pleine terre, first edition, o 

340. 



Fig, 20. Papaver nudicaule. Yel- 
low variety with dark orange 
stripes 



The Origin of Striped Flowers, 


117 


white flowers with red stripes, I have seen a head whose 
outer ray florets were dark red whilst the inner ones 
formed a disc of pure white with only very occasional 
red stripes. In the center the unmodified fertile yellow 
disc florets were seen. I have observed the same phe- 
nomenon in a few other cases. 

The striped varieties of Cyclamen pcrsicum are said 
to bear in some instances only variegated flowers one 
year and from the same bulb unifomily colored atavistic 
flowers the next year. 

Centaurea Cyanus, the blue corn flower or blue bottle, 
has a brown variety with double flowerheads which is 
highly variable in color; it is far from being fixed yet, 
as a plantbreeder in Erfurt expreSvSed it to me. I culti- 
vated it for five years, always selecting the purest and 
darkest brown specimens in small numbers as seed- 
parents. The race produced reversions to the blue form 
every year. Some plants bore blue flowers exclusively, in 
others the blue color appeared in segments or m stripes 
on some of the heads. No advance was brought about 
by this selection. 

The examples given must suffice to show the impor- 
tance of the striped flowers of horticulture. A Var, 
striata of a number of species is advertised in the cata- 
logues ; it is open to any one, therefore, to cultivate them. 
The Var. alba of many other species often reveals on 
closer inspection scattered stripes of the color of the 
parent species; these stripes can easily be intensified by 
isolation and selection as I shall show in one of the 
following sections (§ 16). 

Striped flowers^ are also of great importance in the 

' Spotted flowers may possibly behave differently ; but up to the 
present time I have not grown them. 
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science of variability and mutability, and especially in that 
of atavism of which they perhaps afford the most beauti- 
ful examples. As such they have been dealt with espe- 
cially by Louis Vilmorin whose theory we will now pro- 
ceed to exalnine.^ 

Vilmorin starts from the observation that striped 
flowers only occur on those species which are themselves 
colored, but which also possess a white variety ; or if the 
color of the flower is composed of red and yellow the 
uniform yellow variety may behave like the white (Mira- 
hiiis. Antirrhinum). The first variety to arise is the 
white (or yellow) from which later on the striped form 
originates and Vilmorin explains this as a partial re- 
version to the parent species. 

While varieties of a large number of decorative plants 
have arisen in cultivation, and in fact many favorite ones 
in M. Vilmorin’s own nurseries. They can usually be 
easily ‘hixed” in the course of a few years ; that is to 
say, they are generally constant from the very beginning 
but have to be imrged of the consequences of unavoidable 
crosses, and this takes a few years, as a rule. The striped 
sorts do not a])])ear in this jieriod, the hybrids resulting 
from the crosses are like the parent s])ecies and segregate 
into tliis and tlie pure white variety. The wStriping is not 
tlie result of crossing llierefore; moreover in such cases 
(Ldil)erate crossing has only resulted in the production 
of self-colored and not of variegated flowers. Also, 
when such hybrids exhibit sectorial variation, the color 
is in large patches and not in fine stripes. 

It is not until the white varieties have attained com- 
j>lete purity and have proved constant for a considerable 

’.9oriV/r Philomafiquc dc Pans, Scaiuc du rr fanvier, 185.?, Pro- 
ch-verhaux, p q; Xoticcs sur f amelioration dcs plantes par le snms 
1886. p. 39; and B. Verlot, Sur la fixnlwn des varictes, 1865, PP 62-66* 
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number of generations that the striping appears. It af- 
fects almost necessarily, so it seems, every cultivated 
white or yellow variety. Some are worth putting on the 
market; others are not. Amongst the latter Vilmorin 
(1852) has mentioned as an* example Clarkia pulchella, 
from bought seeds of the white variety of which the 
striped fonn has also appeared in my cultures (see § 16). 
The same thing happened with Browallia crecta and Cmn- 
inelina tuber osa. Geranium prate nse is only to be bought 
in two forms, white and blue. I ob- 
tained seeds from two plants which 
^vere bought as Var. alba and raised 
From them, besides pure whites, 
plants with all grades of color ar- 
rangement from striping and secto- 
rial variations to complete blue ( Fig. 

21 ). 

If it is thought desirable to put 
the striped variety on the market it 
must be purified by selection. The 
striping first appears as single fine 
streaks on occasional flowers. If 
these plants are isolated and their 
seeds sown separately the majority 
of the plants raised are pure white, 
but occasional ones are produced 
with broader and more numerous stripes. The seeds of 
tliese are saved, and so on. The object is to isolate the 
striped race from the white, and this can be attained in 
the course of a few years. On the other hand the breeder 
lias to fight against the tendency of the striped form to 
return to the full blue either by buds or through seeds. 
It is to guard against this that Vilmorin recommends 



Fig. 21. Geranium pra- 
tense album with pie- 
bald blue and white 
flowers. The dark 
parts of the petals 
were blue; the others 
white. 
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the selection of seeds from the palest examples of the 
striped forms. 

Convolvulus tricolor was the first species in which 
iSis mode of origin of the striped form was observed 
(1840). Ij; was followed by Gomphrena globosa. Antir- 
rhinum majtis album and luteum,Nemophilainsignis,Por- 
tulacca grandiflora, and others. Of recent years a large 
number of blotched varieties have been obtained in vari- 
ous nurseries; and always, so far as is known, in the 
same way, by so-called partial reversion of a white or 
yellow variety to the red or blue color of the parent 
sj>ecies. 

In the following sections we will therefore examine 
in detail some cases of striped flowers as instances of 
physiological atavism. 

§14 ANTIRRHINUM MAJUS STRIATUM. 

(With Plate 1 .) 

Amongst the numerous cultivated varieties of the 
Snapdragon one group is distinguished by the possession 
of strijied flowers. A bed of these produces a fine and 
varied show of color. On the other hand the horticul- 
turist’s handbooks state that, whilst the remaining sorts 
are practically constant, the striped ones leave much to be 
desired in this respect.^ Sucli a statement naturally in- 
vites the investigator to inquire into the mode of inheri- 
tance of this character. 

The striped varieties owe their cliaracter to the fact 
that the normal red color of the wild snapdragon is con- 
fined to broader or narrower longitudinal stripes. Where 
the red is absent the pure color of the background be- 
comes visible. This may be either white, rose, yellow 

‘Vilmomn's Blumengartnerei, 3d Ger ed., Vol. I, 1896, p. 736. 
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or sulphur as in the corresponding self-colored varieties.^ 
It must further be mentioned that each of these types 
may exist in a tall, medium or dwarf form. In the ex- 
periment to be described the form I have used was 
Antirrhinum majus luteum rubro-striatum of medium 
height. 

The richness of types of marking in these striped 
varieties is very great. The stripes may be sparse and 
very fine so that the flowers appear at first glance to be 
pure yellow or white; or the stripes may be bold and 
broad and very numerous in such a way that the yellow 
(or the white) appears in about equal parts with the red. 
Often half of a flower is entirely red whilst the other 
half is striped, and so on.^ 

If we buy seeds of the striped sorts and sow them, 
the crop raised is considerably less true than is usual in 
sowings of bought seeds. In 1899 I sowed samples of 
different varieties of Antirrhinum majus and obtained 
26% unstriped individuals from A, m. album ruhro- 
striatum, and 19% from A, m, luteum rubro-striatum. 
In other cases a far higher degree of purity is usually 
obtained, e. g., in m, luteum I found only 2% im- 
purities. 

The admixtures in the striped varieties were in the 
vast majority of cases uniform reds and therefore closely 
allied to them. Other deviations were not more numer- 
ous in the striped forms than in any other variety. The 
reason for the abundance of the red flowered individuals 
has l)een disclosed by subsequent culture; it is to be 
sought in the incomplete inheritance of the striped char- 

^ A. m. album rubro-striatum, A. m. sulphureum rubro-venosum, 
A. m. pumilum roseum rubro-striatum, etc. 

*ViLMORiN, Fleurs de pleine terre, p. 723. 
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acter. For if the seeds of striped individuals which have 
}>eeii artificially self-fertilized are harvested and sown, 
Ave usually obtain some plants with uniformly red flowers. 

The striped varieties therefore give rise to red plants 
from time to time, and in my cultures, which extend over 
a])Out eight years, A. m. lutenm ruhro-striatum has done 
so almost every year in spite of being self-fertilized. 
As the original wild form is uniformly colored (that is, 
not striped, for the color itself is composed of white, 
red and yellow) the loss of the striping may be regarded 
as a case of atavism. 

Moreover this phenomenon of atavism was exhibited 
by my cultures in two other forms (Plate I) : on the one 
hand as a bud-variation in which whole branches of a 
ph'int with striped flowers revert to the red on the 

other hand as a lateral or sectorial variation, to adopt 
Heinsius’s term,^ in which one side of the spike bears 
uniform flowers, wliilst the other bears striped ones. 
Let us examine these two cases more closely. 

In the case of Inid-variation a striped ])Iant bears a 
branch all of whose flowers are red, without striping. 
If, as is usually the case, the plant flowers on 6-8 or 
more lateral branches the ahnomiality is very striking. 
A single plant very' seldom Ijears two branches with rcfl 
flowers, and it scarcely ever happens, if indeed it ever 
does, that the terminal portion of the main stem has red. 
and the branches striped flowers. As a rule it is one of 
the lower stronger branches which is atavistic and seldom 
one (>f the higher weaker ones. I occasionally found a 
tertiary' branch with red flowers, i. e.. a lateral twig of 
a strijted branch. .\s might lx: exitected, the coarsely 

’ n. \V. Hf.insic.s, Orer honlc hhderev. Genootschap v. Natmir-, 
Gcnccs- cn Heelkunde, Biologische Si-ctie, May. 7, 1898. p 2 
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striped plants exhibit a stronger tendency to produce 
bud-variations than the finely striped ones. 

Sectorial variation is very diverse in the manner of 
its manifestation. I found it as a rule on the main stem, 
but also on the branches. If the inflorescence is looked 
at from above, i. e., in projection, one sector is red whilst 
the rest is white. This red sector often consists of a 
narrow red stripe only, or of one-half ox three-quarters 
of the whole. As a rule the abnormality extends from 
the base to the top of the spike ; but it may also be con- 
fined to part of it, esiiecially when it consists of a narrow 
line only. A single red flower on an otherwise striped 
spike is by no means a rare occurrence. On the borders 
of the two. sectors the flowers are often striped on one 
side and red on the other. As in the case of bud-varia- 
tions it is the coarsely striped individuals which are most 
prone to the sectorial dissociation of color. 

The red color occurs not only on the corolla but also 
on the stamens. In finely striped flowers the stamens 
are, as a rule, yellow ; in flowers with broad stripes they 
are striped or red. The individual stamens in the same 
flower are usually dissimilar in respect to this character; 
yet it is difficult to find a strong contrast within a single 
flower, e. g., a single stamen which is almost red, and 
another nearly yellow. I have spent much trouble in 
the attempt to find such flowers, especially in those that 
had one longitudinal half almost or entirely without 
stripes. But I did not discover any definite relation 
between the striping on the stamens and that on the 
corresponding parts of the corolla. 

As a matter of fact pure yellow flowers never occur in 
this race. To a superficial observer it may seem as if 
they were not rare and even that the red stripes may 
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he lacking on whole spikes and sometimes on entire 
[plants. But such absence is only apparent; closer in- 
spection will reveal the existence of very fine red stripes. 
I never found a branch on which they were quite lacking, 
nor a plant, nor even a twig which had reverted to the 
variety, A, m, luteum. On inflorescences on which the 
striping is very meager it may sometimes occur that on 
a single flower no stripes can be found ; but this is merely 
an extreme case of that partial variability which all 
organisms exhibit. 

This negative result based on eight years’ experience 
is important because it shows us that we are not dealing 
here with a segregation into two components, e. g., A, 
majus rubrum and A. majus luteum. If we want to speak 
of a segregation the two units would be the red striped 
and the uniformly red form. 

A glance at a bed of these plants is sufficient to re- 
veal the fact that the breadth of the red stripes exhibits 
individual variability; moreover that, as might be ex- 
pected, plants with very fine and those with very coarse 
red stripes are the rarest. In 1897 I tried to find out if 
it were possible to express this variability in the form of 
a curve. At first it seenieci impossible to obtain an ac- 
curate measure of the striping, for it seemed practically 
unfeasible to determine the sum of the breadths of all the 
strii)es in a flower and to express this sum in proportion 
to the circumference of the corolla. I succeeded, how- 
ever, in attaining my object in the following way : I had 
the average flower on the main stem of every plant in a 
l)ed picked by an assistant, and then I endeavored to ar- 
range these in a series according to their color, ascending 
from the almost yellow to the completely red. With a 
group of between one and two hundred flowers this sue- 
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ceeded better than I had anticipated ; for at the end there 
turned up a certain number of groups which corresponded 
sufficiently closely to equal subdivisions of a scale to 
warrant their selection as ordinates. I admit of course 
that this method is not free from the personal factor; 
but for the case under consideration it sufficed, since, 
vffien the same group of flowers was sorted again, the 
result agreed sufficiently well with the first trial. 

I plotted three curves in this way in 1897 ; each was 
based on one typical flower of the terminal spikes of all 
the plants flowering on a bed. The three beds contained 
the offspring of three individual striped plants of the 
1894 harvest, seeds of which had been saved and sown 
separately; but whose flowers had been left to be polli- 
nated by insects in the midst of a larger culture. More- 
over the seed-parents were selected without reference 
to the degree of their striping, and so the curves give an 
idea of the average composition of the commercial race. 

I thus obtained the following table : 


STRIPES 

COLOR-EFFECT 

A 

B 

C 

Almost absent 

Lemon yellow (£•) 

0 

6 

4 

Very fine 

Yellow 

0 

9 

18 

Narrow 

Dark yellow 

2 

12 

30 

1-2 mm iJroad 

Reddish yellow 

5 

15 

53 

1-3 mm broad 

Narrowly striped (s) 

18 

22 

84 

1-5 mm broad 

Coarsely striped 

28 

22 

31 

1-6 mm broad 

Broadly striped ( b) 

42 

21 

16 

Broad fields 

Half yellow, half red 

26 

12 

10 

Uniform red 

Red {R) 

37 

9 

i 


Number of individuals 

158 

128 

261 


These figures are exhibited in the form of a curve in 
Fig. 22 ; in the case of the figures under C the scale or 
unit of the ordinates is half of that selected for A and B. 
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The result of this inquiry shows that the first eight 
groups merge continuously into one another; but that 
l 3 f tween the strii^ed and red flowers a broad gulf is fixed. 
The red are not connected with the striped by a series 
of transitional forms as the lemon yellow are with the 
broad striped : red flowers with small yellow patches may 
occur, but they are at most very rare. 

The shape of the curves is far more regular than I 
had anticipated; but the reds obviously have no place 
in it ; I mean, they are far too numerous in proportion, 
riiey are therefore obviously not the extreme variants 
of the series but constitute a group which is perfectly 
distinct from the striped although the size of this group 
varies directly with the amount of striping in the other. 

After the composition of the commercial race had 
been determined in this way, my next task was to dis- 
cover the nature of tlie offspring resulting from the self- 
fertilization of the individual components of this diverse 
assemblage. I have confined the solution of this problem 
to the three cliief types: finely striped, coarsely striped, 
and uniformly red. Let us lx‘gin witli tlie two former 
groui)s. 

The offspring of the parent plant A (Fig. 22 and table 
on page 125) contained many coarsely striped individ- 
uals (Fig. 22/;) : when they were in flower I transplanted 
some very coarsely striped ones to a s|')ecial bed, picked 
off all their flowers and young fruits and enclosed all 
the buds which subsequently opened to insure self-fertili- 
zation. In the same way T treated some plants from the 
bed B (Fig. 22B) with almost yellow flowers. I har- 
vested and sowed the seeds of each plant separately. 

In August, 1898, when the beds were in full flower, 
T determined the amount of striping by the method al- 
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ready employed, taking care that the boundaries l 3 etween 
tlie individtfal groups corresponded as closely as pos- 
sible with those of the previous year. I succeeded in 



Fig. 22. Antirrhinum majus lutcum rubro-striatum. A, B, 

C, curves showiiii^ the degree of striping amongst the 
offspring of three insect-fertilized plants, 1897. g, lemon 
yellow, almost without red stripes ; s, narrowly striped ; 
b, broadly striped; R, uniform red. See table, page 125. 

recording the rather Scanty offspring of four coarsely 
striped parents. The result is given below. (The indi- 
vidual seed-parents of 1897 are denoted as Ai — A 4 .) 

OFFSPRING OF THE COARSELY STRIPED SEED-PARENTS. 


Stripes 

A, 

A., 

^3 

A, 

Totals 

Less than 4 mm broad 

0 

0 

0 

0 

0 

1-5 mm broad 

3 

2 

6 

8 

19 

1-6 mm broad 

5 

4 

6 

9 

24 

Broad fields 

7 

8 

5 

6 

26 

Uniform red 

2 

0 

2 

5 

9 

Totals 

17 

14 

19 

28 

78 


These figures are exhibited graphically in Fig. 23B. 
As the extent of this experiment was relatively small 
and especially as the proportion of self-colored plants 
appeared to me very small, I repeated it in the following 
}Tar. I chose from the broad striped bed of this culture 
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a beautiful typical plant with broad stripes but without 
any broad patches on the corolla, and fertilized it with 
its own pollen in a bag. In 1899 I raised from its seeds 
about 250 plants, which covered a bed of about four 
square meters, and nearly all of which flowered on the 
main stem and on several lateral branches. There were 
only a few finely striped individuals amongst them, 
whereas the majority were very coarsely marked. But 
the proportion of uniformly red plants was considerable: 

Striped individuals 160 64® 

Red individuals 91 36% 

Total 251 

That is to say, about one-third of the olants had re- 
verted to a uniform red color. 

The offspring of the almost yellow parents showed 
the following distribution of the various types of colora- 
tion (Bi — B 4 refer to the individual seed-parents and to 
the groups of offspring arising from them) : 


OFFSPRING OF THE YELLOW PARENTS. 


Stripes 


Bz 

Bz 

B, 

Totals 

Nearly absent 

6 

5 

12 

1 

24 

Very fine 

3 

7 

18 

2 

30 

Narrow 

3 

6 

12 

2 

23 

1-2 mm broad 

9 

7 

18 

3 

37 

1-3 mm broad 

7 

4 

22 

2 

35 

1-5 mm broad 

0 

0 

3 

1 

4 

1-6 mm broad 

0 

0 

0 

0 

0 

Broad fields 

0 

0 

0 

0 

0 

Uniform red 

0 

0 

0 

0 

0 

Totals 

28 ^ 

’~~2sr“ 


11 

153 


See Fig. 23A. 

These tables, and Fig. 23 which has been constructed 
from them, show that two races have been produced by 
the selection and self-fertilization of the extreme variants. 
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One of them, A, consists almost solely of finely striped 
individuals and contains no red ones. The other, B, 
consists almost entirely of broadly striped ones together 
with 11-36% of uniformly red ones. But the separation 
is not nearly so sharp as between the striped on the one 
hand and the red on the other, inasmuch as the two 
curves overlap. 



Fig. 23. Antirrhinum majus luteum rubro-striatum. Curves 
to illustrate the distribution of color amongst the off- 
spring of self-fertilized individuals from the culture on 
which Fig. 22 is based. Experiment in selection with 
broadly and narrowly striped flowers. Curves represent- 
ing the offspring: A, of the finely striped seed-parents 
B1-B4; B, of the broadly striped seed-parents A1-A4. 
See tables on pp. 127 and 128. For the signification of 
gj s, b, R, see previous figure. 


We now come to the most important part of the ex- 
periment^ the question of the inheritance of the red 
character. On account of this greater importance I had 
already given it previously much attention. 

Here we are concerned not merely with the inheri- 
tance of the red flowers in general, but with the study 
of the special cases already distinguished. First we have 
to consider the red seed variants, then the bud-variants 
and lastly the single red flowers on striped racemes. 
Finally it should be possible to test the red stamens of 
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striped flo\ ers but I have not yet come across suitable 
material for the investigation of this point. 

In 1892 I had raised from bought seed of A, majtis 
lutcum fuhro-striatum a large bed of plants the floAvers 
of which were all striped. I gathered the seed of one 
individual for the next year’s crop (1893). I obtained 
about 40 flowering plants in this way; the majority bore 
flowers with fine stripes, and here and there flowers 
occurred of which one-half was a uniform red. There 
were four plants which only bore pure red flowers. Of 
these I selected the strongest, enclosed their spikes in 
bags and fertilized their flowers with their own pollen. 
Besides these I dealt in the same way with two striped 
])lants, with few and fine stripes. 

As soon as the seeds germinated in the following 
spring a diiTerence became visible: the seedlings from the 
seed of striped plants had green foliage, those from the 
red, hcnvever, were reddish brown. This difference was 
particularly striking on the under surface of the later 
leaves of the young plants. On the former bed 1 52 plants 
flowered, on the latter 71. Both groups consisted of 
l)iants with striped flowers and plants with red ones, but 
as I had expected, in very different proportions. The 
])roportions in the offspring from the two types of parents 
were as follows: 

SIRIPED RED 

Finely striped parents 98% 2% 

Red flowered parents 24 % 76% 

Most of the strijied flower? were finely striped- 
coarsely striped plants only occurred in the proportion? 
of 6 and 7%. 

The characters of both races are therefore heritable 
but, so to speak, incompletelv so. We may de.scribe the 
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production of individuals of the opposite race in both 
cases as atayism. The striped offspring of the red parents 
resemble their grandparents. The red offspring of the 
striped parents resemble the wild species, that is, their 
very remote ancestors. Thus the difference in the in- 
tensity of inheritance could be ex])ressed in the state- 
ment that the influence of the nearer ancestors is greater 
than that of the remoter ones. But this is merely a re- 
statement of the facts in conventional terminology. It 
affords no clue to the solution of the problem. 

Amongst the finely striped individuals in the culture 
under consideration there were thirteen plants which had. 
)x\sides the striped terminal portion of the main stem 
and the several striped lateral branches, one or two twigs 
with red flowers exclusively. A good opportunity was 
thus offered of studying inheritance in bud-variants. I 
owed it to the fact that the seeds had been sown early, 
the plants had been grown far apart and the ground 
well manured; circumstances which together brought 
about a profuse branching in all the plants. I trans- 
planted these individuals to a separate si)ot, picked olT 
all the open flowers and young fruits and superfliunis 
twigs, and enclosed 1-2 striped and 1-3 red s])ikes in 
bags to insure pure self-fertilization. 

PERCENTAGES 



Plant 1^0. 

Red 

Striped 

Totals 

Red 

Striped 

From the red 

1 

73 

27 

100 

73 

27 

2 

21 

12 

33 

63 

37 

spikes 

3 

25 

5 

30 

77 

23 

From the striped 

1 

3 

93 

96 

4 

9f» 

2 

0 

75 

75 

0 

100 

spikes 

3 

1 

36 

37 

3 

97 


I obtained a sufficient harvest of the striped and red 
spikes of the same plant from three individuals only. 
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These produced in the summer of 1895 the result shown 
in the table on page 131. 

In other words, the average intensity of inheritance 
for striped spikes was 98% and for red ones 71%. 

If we Compare these figures with those derived from 
the previous generation we do not observe any appre- 
ciable difference between them. In other words, the in- 
tensity of inheritance exhibited by the red bud-variants 
is essentially the same as that of the red seed-variants. 

In the following year I continued this experiment 
through one more generation by self-fertilizing some 
striped and some red individuals amongst the offspring 
of the bud-variants. The seeds of three striped parents 
gave rise to 67 offspring that flowered, only 5% of which 
were red ; the seeds of the five red seed-parents, however, 
gave rise to 127 offspring of which 84% were red. (The 
percentages in the five individual groups were 71-78-84- 
88 and 100.) Thus the proportions were similar to 
those of the previous year. 


Year 

1896 

(1895) 


ANTIRRHINUM MAJUS LUTEUM RUBRO-STRIATUM. 
SEED- AND BUD-VARIATION (ANNUAL CULTURES). ' 


95% Striped 

I 

Striped plan*^ 


84% Red. 
Red plants 


1895 98% Striped 

1 

(1894) Striped twijafs 


71% Red. 
Red twigs. 


1894 

1893 


98% Striped 
90% Striped plants 


76% Red. 

I 

10% Red plants 


1892 


Striped plant 
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I have exhibited on the opposite page the whole ex- 
periment in the form of a pedigree. 

The result of our experiment can be given in yet 
another form. The intensity ot inheritance in the finely 
striped spikes in successive generations produced by self- 
fertilization was always about 95-98%. The intensity 
of the inheritance of the red character in the various 
subdivisions of the experiment was as follows: 

1. For seed variants 76% 

2. For bud variants 71% 

3. For the offspring of bud variants . .84% 

Average 77 % 

Finally I have endeavored to investigate the mode 
of inheritance in the case of sectorial variation; that is, 
of spikes which on one lateral part bear striped flowers 
and on the others red ones. It is obvious that this phe- 
nomenon may be due to two entirely different causes. 
First the red flowers may be genuine bud-variants and, 
in such cases, they will presumably exhibit an intensity 
of inheritance which corresponds with that found for 
the bud-variants dealt with above. But it may also hap- 
pen that on a very coarsely striped spike some of the 
flowers may possess this striping in so extreme a degree 
that they appear uniformly red. In this case their mode 
of inheritance will presumably not differ from that of the 
remaining flowers on the same spike. 

The latter was the case in the only experiment which 
I have so far had the opportunity of making. In the 
summer of 1898 I employed for this purpose a broadly 
striped plant from the crop referred to on page 128. One 
side of its terminal spike bore red and the other striped 
flowers. There were 8 of the former and 7 of the latter. 

I enclosed the whole branch, before it flowered, in 
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a bag, fertilized each flower with its own pollen, and 
gathered the seeds separately. Five fruits of each color 
ripened, though some of them contained little seed. I 
sowed the seed in 1899 on ten separate beds; they flow- 
ered in July. On each bed one saw at a glance that about 
half the plants bore exclusively red whereas the other, 
slightly larger half, bore striped flowers. I recorded the 
numbers separately for the ten groups: but do not con- 
sider it necessary to give the separate numbers. There 
flowered : 

From the seeds of: Plants Reds Average 

1. Red flowers 67 33% } * 20 ^ 

2. Striped flowers 137 46% ( 

Hs Jk * 

The result of all the experiments described above may 
be summarized in the following theses: 

1. Antirrhinum viajus lutcum ruhro-striaium (Plate I) 
is an inconstant race consisting of striped and of red 
flowered plants. 

2. The striping of the commercial race varies con- 
tinuously, but the continuity does not include the red 
ones; these are separated by a gulf from tlie striped 

(Og- 22). 

3. The intensity of inheritance of the finely striped 
plants is about 95-98 7r. They pass into the red type 
either when propagated by seeds or by buds. 

4. In the same way the broadly striped individuals 
produce many more reds; the mean of three experiments 
(11-36-42) was about 30%. 

5. The red plants resemble the wild ancestral form 
externally but are not constant as this is. The intensity 
of inheritance of their character is only about 70-85% ; 
and the remainder of their offspring revert to the striped 
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type. I have not yet observed this to happen by means 
of bud-variation. 

6. Antirrhinum majus luteum does not arise from 
these strii:)ed and red races. 

7. If we compare the forms which we have been 
considering,^ with the half races and middle races which 
we distinguished in § 3, p. 18, we find that between the 
two constant elementary species (the systematic si^ecies, 
A. majus and the systematic variety, A. majus luteum) 
there exist two intermediate forms which are perfectly 
distinct from these two, but not from one another. We 
can distinguish, 

a. The eversporting variety, A. majus luteum striatum, 
with striped flowers and a high degree of fluctuating 
^'ariability, from which a faintly striped and a broadly 
striped race can be raised by selection. These three races 
however merge continuously into one another. 

6^.,The atavistic type in this race is uniformly red, but 
with incomplete inheritance and gives rise, when self- 
fertilized, in each generation to about 25% striped indi- 
viduals besides the red ones. 

In contrast with the previously described cases, the 
transition from the atavistic type to the eversporting 
variety and the reverse process here occur every year 
but always with a slight gap. The red type arises from 
the striped race by seeds and by buds, but the striped 
race has, hitherto, arisen from the atavistic type only by 

'The mode of inheritance m the coarsely striped individuals will 
have to be more closely investigated; so also must sectorial varia- 
tion. Moreover the experiment should be repeated with other striped 
varieties, and the spotted forms investigated to see if they behave in 
the same way. But it is mo.st important that pure cultures of the 
various t)rpes should be made by breeding for several generations. 
For this purpose the tall varieties should be chosen preferably, since 
they promise a much better harvest than the half-dwarf ones which 
I employed in my experiment. 
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seeds. The transition from the red to the striped oscil- 
lates round 25%, the transition from the striped to the 
red is largely dependent on the degree of striping, which 
points to ^the existence of factors as yet incompletely 
understood. 

It may perhaps be mentioned here in anticipation that 
the varieties of Ilespcris and Clarkia (§15 and § 16) 
with strij:)ed flowers behave in the same way , whilst both 
in Plantago (§ 17) and Linaria vulgaris pcloria (§20) 
the eversporting variety is inconstant and reverts more 
or less easily to the atavistic type. 

§15. HESPERTS MATRONALIS. 

'Phe flowers of the dame's violet are violet as the 
name indicates. There are three varieties on the market: 

a white flowered, a double, and a 
dwarf variety, all of which are con- 
stant so far as I know. A Forma 
lilacitia and a ‘‘mixed” sort are of- 
fered in tlie catalogues. Tlie plants 
are perennial; if the seed is sown in 
the spring, the majority of the plants 
WM*11 not flower until the following 
year; but if the seed is sown as soon 
as it ripens, or is allowed tO fall on 
the ground instead of being harvested, 
the plants generally flower the next 
year. I have employed both of these methods at different 
times. 

I obtained my seeds in 1890 from a mixed group 
of white and violet flowered plants which were growing 
in our Botanical Garden. I grew’ them for two genera- 



Fig. 24. Hesperis 
matronalis. A flow- 
er of the pale finely 
striped forin. with 
half of one of its 
petals dark violet. 


that the “white” W ****^ 


,„, pak te. Ttav I kq* only yto» of tW. van^ 


tioiis and found 

Ii’roligh IS^wile^’ and first jammed them in 1894, 
,vhen they were in full flower. They flowered m isola- 
tion and partly pollinated themselves with their own 
pollen, partly were fertilized by insects. In later years 
also I have not enclosed this species in bags but have 
either grown them in an isolated position and left^them to 
be pollinated by insects, or have had them flowering in 
a little greenhouse entirely built of fine metal gauze, 
where they fertilized themselves. 

My object was to test the degree of inheritance of the 
pale, the lilac, and the violet types separately. I shall 
first give a summary of my experiment. In this table, W 
denotes whitish, L lilac, and V violet (that is, the color 
of the wild species). The numbers in each case are per- 
centages of the particular culture ; where the culture was 
too small I have omitted the numbers. 


HESPERIS MATRONALIS. 
(whitish, lilac, and violet in percentages.) 


1900 , 1899 

annual and biennial 

1898 

annual 

1897 

annual 

1895 

annual and biennial 
1894 


38 IV. 30 L. 32 V. SO W. 28 L. 22 V. 


92 W. 0 L. 2 V. 




29 JV. 


57 L. 


V. 

uv 


L 


Before I come to the description of this experiment 
it is necessary to give some more details as to the varia- 
bility of the color of the flower. 
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Plants with pure white flowers such as those belong- 
ing to the variety Alha did not occur in my cultures. I 
have compared the Alba and also the Alba plena directly 
Vvi:h my plants. Certainly the difference is sometimes 
very slight, especially as the petals of Alba acquire a pale 
lilac C(dor when they fade. They are all gradations 
l)etween the whitest examples and those with the full 
lilac color; the Variability in this case is perfectly con- 
tinuous. But between the lilacs and the violets there is 
always a gap; the darkest lilacs seem to be about half as 
dark as the violets; intemicdiate stages do not occur. 

The vast majority of the plants have all their petals 
of the same color, but mixed conditions also occur. As 
in other cases there are striped flowers, sectorial and l)ud- 
variations. Examples of these three groups appeared in 
various years in my cultures but only sparingly. On the 
striped petals the stripes were fine and rare, but they ex- 
hibited the dark violet hue of the original species. The 
instances of sectorial variation have so far been occa- 
sional dark floweis on ])ale clusters, and on the other 
hand fknvers of which one-half of a petal was whitish and 
the other violet (big. 24). Bud-variations occurred on 
])lants with very ])ale flf)W(?rs, especially when they were 
richly branched and flowered on int(^ the autumn. They 
were always stray twigs on the lower part of the main 
stems: their flowers were all of the nomial vi('!et color. 
But so far I ha>'e not been able to obtain seed from them. 

A glance at a large bed reveals the general distribu- 
tion of color. At once the pale flowers are seen to be 
in the majority, whereas the whitish on the one hand 
and the lilac on the other are obviously rarer. The violet 
stand out conspicuously l^ecause they ate not connected 
with the rest by any gradations. Except for this the varia- 
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tion is so continuous that it is almost impossible to ex- 
press it in numbers. I ha^^e tried to arrange the plants in 
groups and to count the numbers of each group. And 
I give the numbers obtained in this way, only with the 
object of conv^?ying to the reader the general impression 
which a l)ed makes on the observer, for il is inevitable 
tluit the limits between the groups should ^)e somewhat 
arbitrary. Nevertheless I trust that I have succeeded 
in keeping fairly well the same limits iK'tween the groups 
during the successive years of my exp»eriment. and ihis is 
the most injportant point. 

]u)r the purposes of these color valuations 1 picked a 
flowering cluster, if possible the terminal one, from each 
of the plants on a bed, brought them to my house and 
sorted lliein there. I made out the following more or 
less clearly defined groups: 

tv. Whitish, always without stripes. 

IVi. Almost white; buds and withering petals 
almost white. 

White suflfused with lilac, not darker wh.en 
withering. 

Very pale lilac; buds lilac: only dightly 
darker when withered. 

L. Lilac, sometimes strijicd or spotted. 

7-1. Definitelv lilac, although jiale; darker than 

lV:i. 

I.j. Ivilac; half as dark as V. 

V. Violet, the color of the typical spt'cies. 

I shall now give the composition of the culture of 
1898 which was raised from the seeds of plants with 
whitish flowers. On July 14, I sorted 250 individuals 
by the method described and found : 
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HESPERIS FROM THE SEED OF WHITISH FLOWERED PLANTS. 

S% ) 

IV 2 S7% [ 92% IV. 

30% i 

6% L. 

V 2% 2% V. 

I determined the composition of the cultures of the 
next year, 1899, in the same way ; they were both raised 
from the seeds of lilac plants. One of them (5th gen- 
eration) flowered partly in 1899 and partly in 1900; 
but the other only in 1899. The result was as follows: 

HESPERIS FROM THE SEEDS OF LILAC FLOWERED PLANTS. 


Color 

1st Experiment (Sth Gen.) 2d Experiment (3d Cien.) 


3% 

) 

4% 

) 

(t'. 

15% 

\ 38% fV 

22% 

V 50% W 


20% 

) 

24% 

s 

/'I 

17% 


22% 



13% 

\ 30% L 

6% 

[ 28% L, 

K 

32% 

= 32% V 

22% 

= 22 % r. 

The first list is 

based on 

155 flowering 

plants, and the 


second on 219. 

1 he seeds of the whitish Hesperis, therefore, in this 
ex])eriment, produce their like with a small percentage 
of lilacs and violets. The seeds of lilacs, on the other 
hand, give rise to the three tyix^s in about equal numbers, 
though it must lx remembered that the limit between 
//';{ and Li is to a certain extent arbitrary. 

I have not yet made a sufficient number of observa- 
tions on the inheritance of the violet color in this race. 
In the only exixriment which I liave carried out, only 
five plants flowered and they had the same color as their 
parents. 

Let us now pass on to a detailed description of the 


Li 4% I 

L, 2 % f 
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experiment. It began in 1894 with seven plants which 
had already flowered in 1893 and had been noted as 
lilac flowered. Many of their flowers were more or less 
striped, some of them produced in August the violet bud- 
variations mentioned above, when the rest of the flowers 
had been through blooming for a long lime. Seed was 
only saved from the lilac flowered branches; a part of 
it was sowed in August, the rest as soon as it was ripe. 
Most of it germinated in the following February and 
March; more than half of these plants produced stems 
and flowered in August. I obtained altogether 234 plants 
in flower of which 29% were pale, 57% were lilac ancl 
14/f‘ normal violet. I selected the strongest plants from 
among the most typical of each group and transplanted 
them in the autumn to three as isolated spots as I could 
find in my garden. Here they grew freely, branched 
abundantly and flowered in the following year (1895) 
for a second time. 

There were three violet plants which however set 
very httle seed. This was sown and the offspring flow- 
ered in the summer of 1897 in a conservatory. I took 
precautions to prevent their l)eing visited by insects in 
order to render impossible the transference or their 
pollen to the other plants* As soon as the color of the 
flowers could be determined with certainty for any plant, 
this was pulled up. There were, as I have already stated, 
only five plants and their flowers were violet 

I did not allow the lilac flowered plants to flower in 
this year but kept them for the next. Of the plants with 
pale flowers which had been planted out separately in the 
autumn of 1895, only one plant flowered in 1896. Its 
seeds were sowm immediately and gave rise to 12 plants 
which flowered in the summer of 1897; they were all 
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pale with no more than the faintest indication of the 
lilac colon The seeds were sown in pans in the autumn, 
the seedlings were pricked out in November and planted 
out ill April 1898 on a large bed. In June 250 individ- 
uals flowered, and the percentage composition of the 
color, as given above, was determined. Then the four 
lilac individuals falling into the group Lo were taken 
up and transplanted with all possible care to the metal 
gauze greenhouse. Before doing so all open flowers 
and young fruits were of course removed. It may be 
noted that in this experiment the lilac flowered individ- 
uals began to flower conspicuously later than the pale 
and violet ones. 

The seeds of these four ))lants were sown partly in 
October and partly in Novcm1)er, separately for eacli 
parent. Only one of the four resultant groups flowered 
in the following year (1899); the rest remained in the 
rosette stage and flowered in 1900. The i)roportions 
of the various colors were very much the same in the 
four groups. I recorded them sei)arately but did not 
find any significant differences. The numl)ers in the 
first column fl.st Experiment, 5th Gen.) on the table 
on ])age 140 give the coinpc^sition of the whole culture. 

I tran.splanted some lilac plants of the first crop 
(1895), but only kept caie of them which caught my eve 
with its beautifully striped flowers. It grew u]) into a 
sturdy plant, flowered in 1898 in an i.solated S]X)t and 
set an abundance of seed. J^'rom this 219 flowering 
plants were raised in 18W, and their colors are recorded 
in the last column of the table on ])age 1 40 ( 2d Experi- 
ment, 3d Gen.). 

If wc consider the re.sults of these experiments, ex- 
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tending over seven years, in their relation to other known 
facts we find that we can distinguish the following races: 

1. Hesperis matronalis alba, the constant commercial 
variety. 

2a, A whitish, pale lilac, seldom or never strii')ed 
sort which can reproduce the violet color by 

sectorial, bud- and seed-variation ; violet seed-variation 
alvnit 2% ; lilac offspring about . 

2ft. A lilac, often striped or spotted, race which gives 
rise to an inconstant but mostly considerable nuniber of 
whitish and violet offspring. Its color merges contin- 
lunisly into that r)f No. 2a, but is sharply separated from 
No. 3. 

3. A violet variety which has arisen from 2a and 2ft 
and is presumably inconstant, on the analogy of Antirrhi- 
num majus. 

4. Hesperis matronalis, the original, constant, violet 
species. 

The analogy with the corresponding races of An- 
firrhinwn majus seems to me to be olwious and can be 
expressed as follows: 

1. Idle systematic variety which is ])erfect]v con- 
stant {H. m. alba, A. tnaj. lufeiim). 

2. The eversporting variety witli lilac or striped 
flowers (H. m. Ulacina, A. maj. luteum striatum). It 
can be split by selection in a plus and in a minus direction ; 
into a jiale lilac, or finely striped race on the one hand, 
and on the other into the dark lilac and frequently striped 
dame’s violet and the broadly striped snapdragon. 

3. The self-colored but inconstant atavistic type wdiich 
has the color but not the constancy of the original s]>ecies. 

4. The original violet, or red, j^ierfectly constant spe- 
cies (Hesperis matronalis, Antirrhinum majus). 
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§ i 6 . CLARKIA PULCHELLA. 


A white variety of this pretty red species is offered 
by seedsmen.^ Besides this a striped race sometimes oc- 
curs which has more or less numerous red bands of vary- 
ing breadth on the petals.^ The red in these cases has 
the same intensity as that of the species. Moreover the 
white flowers are not pure white; a very delicate but 
distinctly visible red flush can be seen on any bed of 

them in full flower. Sometimes 
occasional plants or individual 
flowers are somewhat richer in 
pigment, so that it is at once 
obvious that they are not pure 
white. 

I have only made an in- 
complete series of experiments 
with this plant because it does 
not lend itself easily to artificial 
fertilization and, as a rule, does 
not stand transplanting while 
in flower. But the results ob- 
tained suffice to demonstrate 
their essential correspondence 
with those obtained with Antirrhinum and Hesperis, 

We can distinguish in this as in the other two cases 
between a pale race poor in strii^es and a richly striped 
one ; moreover these two races possess the characters of 
the corresponding ones in the two species named. But 
in Clarkia the broad stripes appear chiefly as sectors, as 



Fig. 2$. Clarkia pulchella, 
A white flower of which 
one petal and a half are 
dark red, while there are 
dark red stripes here and 
there on the other two 
petals. 


’ There is also a variety. Carnea. which is constant so far as my 
experience goes. 

“See p. 1 19. Tt was referred to by ViiMORm and by B Verlot, 
Production et fixation drs variHcs, i8()5, p 64 
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for instance, whole or half petals; I sliall therefore call 
such flowers and plants sectorial. 

In 1896 I had a bed of about 50 plants all of tlie 
flowers of which were whitish. The majority bore no 
red strii^es, or only such fine ones and so rarely that they 
were overlooked, which is always jx^ssible since the plants 
pioduce very many and rapidly fading flowers. Only 
one plant stood out amongst the rest; at the end of July 
it bore a flower with two red petals and at the beginning 
of August a petal the middle third of which was also 
colored red. Otherwise, the bed was practically white 
throughout the summer. Some of the seed of the whites 
was saved. 

From the seeds of a white flowered specimen I ob- 
tained in 1897 a culture of about 100 plants. Amongst 
these again there was only one sectorial example ; I saved 
its seeds separately although it had been fertilized by 
insects in the midst of the others. In the majc rity of 
these others I had not seen red stripes, but on a few of 
them there had been some insignificant ones 

The seeds of the pale flowered plants gave r^se to a 
generation equally poor in stripes; in 1898 I only saw one 
striped one amongst 30. This race therefore remained 
poor in red sectors as a result of a continued selection 
of almost white plants. 

From the seeds of the sectorial plant I at once o!>- 
tained a race which was rich in red petals and red 
tions of petals, and often produced whole red flowers 
and twigs with red flowers only (Bud- variation). I 

grew it for two generations (1898 and 1899). The seeds 
for the first were gathered in 1897 from a seecl-parent 
which had not been isolated; in 1898, however, I pulled 
up all of the non-sectorial plants whilst they were in 
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flower and on the remaining seed-parents only harvested 
the seeds from those flowers which opened after that 
( )peration. 

The singje sectorial plant of 1897. bore one flower 
with one, and another with two r^d petals. Their seeds 
were harvested separately and sown. The other flowers 
were pale; I also liarvested their seed separately. The 
first named seeds, naturally few in number, fave rise 
in 1898 to about 40 jflants which flowered; the latter to 
200. In both groujjs the red stripes and sectors were 
remarkably numerous in comparison with the previous 
year. At the end of July I found amongst the former 
about 25%, and amongst the latter 23% sectorial plants. 
Resides these, a plant bearing red flowers exclusively, 
occurred in the former group. If I had repeated these 
ol)servations from time to time the two percentages would 
of course have been considerably increased. But in order 
to isolate the sectorial plants I pulled up all those which 
uj) to tliat time had exhibited only few and narrow 
stri])es. As already mentioned, I harvested seed only 
from the fruits of those flowers wliicli had opened after 
tliis operation. 1 saved two kinds of seed: one was from 
a num])er of sectorial flowers which I liad marked on a 
large group of individuals: the other was from a par- 
ticularly striking plant which I had also marked, and 
which had a fair number of sectorial and occasional per- 
fectly red flowers, exhibiting also red Inid-variations on 
its lower branches. I harvested seeds only from the 
narrow striped flowers of this plant. 

I have one more case of sectounl variation to men- 
tion Ix'fore I proceed to give the results obtained from 
this harvest. A green lateral branch in an inflorescence 
on an otherwise white or finely striped j)lant had a 



Clarkia Pulchclla. 


147 


narrow red longitudinal line, on it which was noi much 
broader than a flower stalk and extended over four inter- 
nodes. The upper, lower, and middle flowers of the 
tract stood on this line; the two former were completely 
red, the middle one only partly so. The two flowers oc- 
cupying intermediate ijositions but on the green side of 
the branch were almost white. 

The culture of 1899 was riclicr in sectorial plants 
than thj# of 1898, as the isolation of the seed-parents 
\voiild have led us to expect. From the mixed seeds 
referred to al)Ove, I had about 300 plants (jf which fivi 
wore wholly red whilst the ])roportion of sectorial ones 
was 40%. The single selected seed-parent, however, 
gave rise to only 50 offspring which flowered, of wliich 
one was red, whilst the pro])ortion of sectorials mounted 
to 70^'/c, The average number of reds in the two cultures 
was 1-2%; and that of sectorial plants 45%. 

These experiments show that the ])ale flowered jdants, 
selected as seed-parents, give rise to a fairly ccaistant 
progeny amongst which the proportion of sectorial plants 
is quite small. 

The progeny of sectorial jflants, on the other hand, 
consists of about 45% broadly striped and l-i'^f red 
plants, the remainder being pale tinged with red, or at 
any rate very poor in stripes. 

The cultures of the pale flowered plants are ordinarily 
in flower some weeks before the first stripes appear; but 
in the beds of sectorial plants the red may be seen among 
the very first flowers. Here also the white flowered ones 
are always in a large majority; among a thousand flowers 
of this race I counted 34 striped and 8 sectorial ones, 
that is to say only 4% altogether. 
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§ 17. PLANTAGO LANCEOLATA RAMOSA. 

Plantago lanccolata is one of of those plants which 
are remarkably rich in anomalies. Penzig mentions a 
considerable number of them such as leafy stalks, ears 
the tops of which bear tufts of foliage leaves,^ forked 
spikes with two or more tips, torsions etc. These and 
many other malformations such as split leaves, pitchers 
consisting of one or more leaves, occur commonly in this 
neighborhood and also in my cultures. It is worth men- 
tioning that all or nearly all of these abnormalities can 
occur in the same race, and sometimes indeed in a single 
stout individual. Evidently every plant must contain a 
number of latent or semi-latent characters which lie out- 
side its proper range of form; these characters consti- 
tute, as I have already said, the outer range of the forms 
of the species (p. 27). 

A frjrm also frequently mentioned- in the literature 
of the subject is one with branched ears {Plantago lan- 
ccolata rainosa).^ In this variety sessile secondary spikes 
are produced in the axils of the bracts at the base of 
the main ear. They are often small, but sometimes 
nearly attain the size of the central ear. Their number 
is highly variable. Under good conditions of cultivation 
each head may have from 2-7 lateral ears, but on single 
cars the number may rise to 20 and more (Figs. 26, 27). 

I have been carrying out experiments on the inheri- 
tance of this rafnosa-chdiTdiCt^r since 1887, It proved to 

* T have often picked these tufts and made cuttings of them ; 
they take most quickly and grow to strong rosettes of radical leaves, 
the ears arising from which may repeat the phenomenon of the 
tufting to a certain extent {Plantago lameolata coronata). 

* Penzig, Teratologic, II, p. 252. 

* Kruidkundig Jaarbock. Gent, 1807, PP- 76 and 91. 



Plantago Lanceolata Ramosa. 


149 


be only partial. In spite of the most careful selection 
and isolation during the time of flowering this race every 
year produces plants not one of whose spikes, even when 
there are a hundred to the plant, exhibits the smallest 
trace of branching. They are obviously to be regarded 
as atavists. 

The proportion in which these atavists occur seems 
to be fairly constant, fluctuating however from year to 
year. It can be slightly increased or diminished by the 
choice of favorable or unfavorable seed-parents; but it 
does not seem possible to effect an essential and per 
nianent improvement by continued selection, at least not 
to a degree that would oiien a chance of altogether elim- 
inating the atavism. 

In the first years of my cultures I did not pay partic- 
ular attention to this phenomenon ; moreover my experi- 
ments were on too small a scale to afford numerical data 
of any value. But I found atavists as well as ramosa- 
plants every year, although I always collected m;, seeds 
from the former. I did not determine the proportion 
until the fifth generation (1892) was reached. I should 
state that I have isolated my seed-parents every year, 
cutting off as many as possible of their unbranched ears 
before they flowered. Pollination which had to be left 
to the wind was therefore confined to the group of se- 
lected seed-parents, whose number scarcely ever ex- 
ceeded 10. It was as pure as it was possible to have it. 

I obtained the following figures : 

GENERATION PERCENTAGE OF ATAVISTS 


5.— 1892 

46® 

6.— 1894 

SO®, 58®, 59% 

7.— 1897 

47® 

8.— 1898 

45®, 56®, 59® 

8.-1900 

52® 
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Plantago lanccolata ramosa, tterefore, produces a pro- 
portion of about one-half atavistic individuals every year. 

The variability in the fig- 
ures given is at least in part 
dependent on external in- 
fluences (nutrition and selec- 
tion ) . Closer examination 
of the individual years proves 
the truth of this. In 1892 I 
had 48 plants in flower ; nine 
of these plants produced split 
leaves aiid pitchers at the 
time when they were being 
transplanted, about three 
weeks after the seed had 
been sown, and seemed espe- 
cially desirable on this ac- 
count. In the summer they 
turned out to be all ramosa-- 
plants with richly branched 
spikes. They were cultivated 
the following year also ; and 
the sixth generation was 
raised ])artly from their seed 
and partly from the seed har- 
vested in 1892 fiom two 
otlier seed-parents. From 
the latter were raised 103 
plants which flowered, of 

Fig 26. Plantago lam cohta 50 % ^^ere atavists 

ramosa. A whole plant. . ^ »vvi«. utavisis, 

this proportion being nearly 



the same for the two seed-parents. In order to investi- 
gate this, the seeds of tiie individual seed-parents were, 



Planiago Lanceolafa Ramosa. 


151 


as usual, sown separately. Tht higher figures 58 Vf and 
59% were derived frcmi the offspring of a plant which 
liad been divided into two in 1893, after which one-half 
of it was giown on sand and the other on ordinary 
garden soil. I shall have to revert to the effect of this 
treatment on the plant itself; but ii will be observed that 
the differential treatment had no visible effect on the 
offspring of the two halves. (The nunil^ers of indi- 
viduals dealt with in the two cultures were 57 and 60 
respectively. ) 

The seeds of the topical individuals of my race ot 
1804 f sowed in 18^)7 under normal conditions, as tistial 
( sevd sown in the greenhouse; seedlings pricked out into 
pots, and afterw'ards transplanted to the beds). The 
seed had been saved trom two plants with richly branched 
ears. It produced a culture of 70 plants which flowered 
and contained 47% atavists. Whilst flowering was pro- 
ceeding I transplanted all the ram ava-])l ants whose cars 
\verc only slightly branched, and marked among the re- 
mainder a specimen which seemed to be the most pro- 
fusely branched, I harvested seed from those flowers 
only wliicli ])rotru(lcd their stigma after this separation 
had taken ])lace and after the atavists had l>een weeded 
otit. Seed was harvested separately from each plant. In 
the following summer (1898, 8th generation) it was 
seen that the seed of the best seed-parent had only pro- 
duced 45 atavists (among 100 plants that flowered). 
The seeds of the average seed-parents gave 56% , and 
those of the worst, 59%. Selection had flierefore a di.s- 
tinct, although not a very great effect, Ii should be re- 
marked that the numl^er of average seed-parents was 8, 
and that of the worst ones 10. The composition of the 
progeny was determined separately for each seed-parent, 
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but the differences were not greater than the extent of 
the experiment would lead us to expect. There were 
1033 offspring from the average seed-parents and 732 
from tile ten worst plants. The two separate cultures 
which deviatec^ most from the mean contained 37% and 
65% atavists respectively. The value of 52% given 



Fig. 27. Planlago lanceolata ramosa. A. B, C, three 
branched ears. 

above for the same generation but grown in 1900. will 
be dealt with below. 

Bud-variations occur in this as in the incon.stant races 
of other species, although very rarely. In such cases it 
is one or several lateral rosettes which vary. The struc- 
ture of our plant is a very simple one. The stem of the 
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seedling grows out into a short, somewhat obliqtie, rhi- 
zom which produces a rosette of radical leaves. Ears 
are formed in the axils of the higher leaves but rosettes 
of the second order grow out from the axils of the lower 
ones. Ill the second summer the primary and secondary 
rosettes behave in the same way, again producing ears 
above and secondary rosettes below. If the plant grows 
very robustly it may consist of as many as 10-2U single 
rosettes ; if it is a ramosa every rosette produces branched 
ears, at least on some stalks. Sometimes all the ears 
of the whole plant are branched, in which case it is per- 
fectly easy to see that there is no bud-variation. In its 
second year a single plant may often produce more than 
50 branched ears. 

The culture of 1897 contained a plant which exhibited 
a l)ud-va^iation. The seeds of its branched ears, har- 
vested in the first year, had produced 89 individuals that 
flowered, of which 36 (40%) were atavists. The plant 
in question consisted, in the autumn of its second year, 
of more than 25 single rosettes which were carefully 
isolated, and planted separately. Only the seven strong- 
est ones survived this oj)eration. I kept them all in their 
ix)ts until a sufficient number of ears were visible and 
then planted them out on two distant beds. On the one 
I planted four rosettes with unbranched ears, on the 
other, three with branched ears. The four former pro- 
duced, together, over 200 strong ears, all unbranched 
with the exception of a single one which bore a small 
lateral branch at its base. The three latter formed both 
unbranched and more or less richly branched inflores- 
cences, but during the whole summer the unbranched 
ears were all cut off before they flowered. The harvest 
from the two beds, gathered and sown separately, gave 



154 


Atavism. 


rise to two cultures in 1900. They bad the following 
c(>mposition : 

Ears of parent Extent of culture Atavists With branched ears 
Branched 44 individuals 52 % 48 % 

Unbranched • 206 individuals 92 % 8 % 

I'he rosettes with branched ears gave rise to rather 
more atavists than tlie seed of the branched inflorescences 
of tlie same plant in the first year (52% as against 40%), 
which was probably due to the fact that it had a less 
sunny pcjsition in 1899 than in 1897. But the rosettes 
with unbranched ears, although they were in a good po- 
sition in 1899 and grew very healthily, gave a progeny 
dissimilar to that hitherto produced by any of the branched 
plants of this race (see Table on page 149 which gives 
the results of more than 25 individual sowings from 
set)arate seed-])arents). 

'Pile four lateral rosettes witli unbranched ears, there- 
fore. formed in this case a clear instance of bud-variation, 
producing a race iK)or in branched ears. 

The (juestion of the constancy of the atavists in my 
race is a i)oint of considerable interesi. Hitherto I Iia\e 
found them completely con.stant. With a ' iew to test- 
ing this I did not weed out the atavists in tlie fifth gen- 
eration in 1894, but simply cut off all their ears IxTore 
the branched plants flr>wercd, and repeated tliis opera- 
tion from time to time when new ears a|)])eared uefore 
they could protrude their stamens. After tlie harvest 
I weeded out all the branched individuals ; most of the 
atavists survived the winter and flowered. Inxnriantlv 
in 1895 in i.solation. The majority <if them produced 
over one hundred ears jkt individual. I harvested the 
seeds sej)arately for each seed-parent. 

The sowings took place in 189^) and in 189/ Jhex 
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gave rise respectively, to three and six citltiires derived 
from the nine seed-parents. Each culture consisted of 
from 35 to 100 plants, making together 600 flowering 
individuals bearing 4000 iiiflorescences. These were un- 
branched without exception. 

The question suggests itself, whether the seed-atavists 
and the bud-atavists belong to the same type. On the 
one hand it is possible that the constancy of the former 
is not always so absolute as it appeared in my experiment. 
On the other liand, l)ranched bud-variants miglit occa- 
sionally appear in the race derived from tlie atavistic 
bud-variants, and such might have been the cause of the 
occurrence of branched individuals (8%) in my culture 
of 1900. But further investigations are necessary to 
provide a satisfactory answer to this question. 

Plantago lanccolata ramosa, therefore, gkrs rise to 
atavistic individuals, cither by seed (about 50%) or by 
buds (very seldom) which are either absolutely, or at 
least in a high degree, constant from seed. 

It still remains to describe briefly the fluctuating vari- 
ability of our race of plantains. This is considerable, 
and conforms to the common laws; especially is it de- 
pendent to a large extent on external conditions and, 
within certain limits, capable of l)eing altered by selec- 
tion. The observations, which I now shall give, refer 
to true rc7;;76>.'ra-plants, and not to atavists and bud-varia- 
tions. 

1'he variability of this race corresponds witli that 
of other monstrous races inasmuch as the curve describ- 
ing it is dimorphic.^ During July and August 1893 I 

’ Sur Ics courhes galtonicnnes dec monstruosites, Bull. Scientif. 
de la France et de la Belgique, public par A. Giard, XXVII, 1896, 
P* 397. 
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picked all the ears of a small group of plants, and ob- 


tained the following figures : 

Ears without any branching ... 191 

Ears with one lateral ear 80 

Ears Vith two lateral ears .... 136 
Ears with three lateral ears .... 93 

Ears with four lateral ears .... 33 

Ears with five lateral ears .... 12 


Sum of ears 545 

The degree of branching in this group was fairly 
low ; nevertheless the apex of the curve of the atavistic 
ears is distinct from that of the branched ones. This 
phenomenon could indeed l)e easily observed, even with- 
out any counting, on account of the relative scarcity of 
heads bearing a single lateral ear, a fact which I have 
also observed repeatedly since. This is a character of 
the eversporting variety and suggests the possibility that 
the onc-branclied ears which are so common in nature 
(where the ramosa-form, as is well known, is not at all 
rare) presumably constitute the half race; but I have 
not investigated this point. 

The number of compound ears per plant, and the 
degree of branching in each, are to a great extent de- 
l)endent on the conditions of life. The stronger the 
growth of the whole plant, and the richer the foliage, 
the more pronounced will the anomaly be. Therefore, 
a more profuse branching of the individual ears usually 
goes hand in hand with a richness of branched inflores- 
cences. The branching also manifests a certain periodic- 
ity. The young plants almost always l>egin with un- 
branched ears: it is not until later that the monstrosity 
apj'>ears. gradually increasing in strength. Then towards 
the end of the summer I often observed a diminution in 
the amount of branching and often the fonnation of 



Plantago Lanceolata Ramosa, 


157 


more numerous unbranched ears. In the second summer 
often almost all the ears on healthy individuals are 
branched even when their number reaches 50-60 j)er 
plant. In the first year I found that as a rule there were 
10-20 branched ears, and sometimes as many as 30 or 
even more occurred on each plant. In fact we may 
assume that, on the average, and with ordinary methods 
of cultivation, about one-third of the ears will be branched 
during the first summer; foi instance, in 1898 I found 
amongst 439 cars on 30 individuals 136 or 31% which 
were branched. It goes without saying that the atavistic 
individuals were excluded from these countings. 

I have also made some direct experiments to deter- 
mine the influence of individual vigor on the develop- 
ment of the anomaly. In the first place I have grown 
very weak plants and have then got them to grow stronger 
gradually. For this purpose I made use of the plantain’s 
well-known property of producing buds from its roots. 
As the roots are all very thin, the plantlets obtained in 
this way are very weak at first, nor do they grow up 
as quickly as seedlings. 

For the purpose of this experiment I selected (March 
1893) ten plants which had had 10-25 branched ears 
each in the previous year. I pulled them out of the 
ground, cut off the mass of their roots and planted these, 
throwing away the rosettes and any leaf-buds that might 
be present. I put the roots of each individual straight 
into the ground without separating them. Radical buds 
were produced in hundreds, often so many from one 
bundle of roots that there was not room for all of them 
to develop. In the middle of June, that is, after about 
three months, they began to flower. At first there were 
only 40% branched ears, with only one or two lateral 
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ears (on the 46 first fiowerstalks). Ip the next 100 the 
proportion mounted to 60%, and 3-4 partite inflores- 
cences also occurred. Later on, about the middle of 
July, the 6rst stalks with five lateral ears appeared, and 
the number of*branched ears gradually increased to 70%, 
and in August the strongest rosette had 67 ears of which 
52 were branched, i. e., alx>ut 78%. 

A question at one time much discussed was whether 
adventitious buds had the power to reproduce the varia- 
tions and anomalies of the parent plant. At that time 
malformations were not regarded as heritable, but since 
the inheritance of monstrosities has become generally 
recognized,' it must be considered evident that adven- 
titious buds will behave like normal ones; and the only 
question that can arise is whether they are more lialde 
to produce bud-variations or not. If tliey are weak the 
abnormal character will be less pronounced; but if their 
strength is eijual to tliat of ordinary buds the abnormal 
character must be developed to the same extent. It is 
therefore almost superfluous to lay much stress on the 
leproduction of the branched ears from the radical shoots 
of our plantain. 

The rest of my exiK*riments deal with divided plants. 
In the spring of 1803 T selected far this jnirpose two fine 
rosettes that had survived the wdnter and which had 
proved to be particulaily rich in branched ears in the 
previous year. Roth plants were divided as equally as 
possible into halves. Of the first plants one-half was 
planted in sand and of the other one-half was put in the 
shadow' of a tree, the control halves of both plants lieing 
cultivated under ordinar>" conditions for the jiurpose of 

'Erfctykc Krnidkundijj ToarWk, I’lcnt 1S07 

p. 62. ’ 
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comparison. At tlie beginning of the period of flowering 
no difference was discernible in either experiment be- 
tween the two halves, but it gradually became visible 
during the course of the summer. J picked otf all the 
ears from tUe culture in sand at the end of July and at 
the end of August ; here is a record of them : 


Number of lateral ears per primary ear Totals 


0 

1 

2 3 

4 

5 


July 28th \ 3 

3 

4 6 

3 

1 

20 

( Control 9 

7 

9 6 

0 

0 

31 

Aug. 31st \ 

10 

12 8 

3 

1 

48 

( Control 12 

2 

10 7 

6 

2 

39 

The difference 

though slight is distinct. 

It is 

more 

clearly brought out if the 

mean number of lateral 

ears 


per primary ear is calculated. In August in the jdants 
on sand this was 1.5, in the control half 2. 

A similar effect was produced by shade which exerted 
a most deleterious effect on the whole growth of my 
experimental plants as will be seen from the small number 
of ears produced. I obtained the following figures in 
the same way as in the previous experiment. 


July 28th 
Aug. 31st 


j Shade 
( Control 
j Shade 
( Control 


Number of lateral ears per primary ear 


0 

7 

1 

15 

21 


1 2 3 

6 2 7 

1 2 8 

1 1 2 

9 20 16 


4 5 6 

5 2 0 

19 20 1 

0 0 0 

10 3 0 


Totals 

29 

52 

19 

79 


The mean number of subsidiary ears per primary 
ear in August in the shadow half was 0.5 and in the 
control half 2.0. 

In conclusion, the results of the whole series of ex- 
periments which has lasted over more than ten years 
may be summarized as follows : The Plantago lanccolata 
ramosa of my experiment constitutes an ''inconstant'* 
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middle race or eversporting variefy; that is to say, a race 
which produces in every generation a fairly constant 
proportion of atavists. This proportion is about 50%. 

The segregation of atavists occurs regularly in gen- 
erations grown from seed, but sometimes also in those 
grown by means of bud-variation. The atavists are per- 
fectly, or at least very nearly, constant. 

The true representatives of the race (i. e., all other 
than atavists) produce both unbranched and more or less 
profusely branched ears, and are largely dependent, in 
regard to this character, on their environment and their 
individual vigor (fluctuating variability). The stronger 
the plant and the more favorable the conditions the more 
])ronounced is the anomaly.^ 

'Compare the behavior of Papavcr somniferum polycephalum in 
Vol. I, Part 1 , § i6, p. 138; and also the end of this part. 



VI. EXPERIMENTAL OBSERVATION OF THE 
ORIGIN OF VARIETIES. 

§ i8. THE ORIGIN OF CHRYSANTHEMUM SEGETUM, 
PLENUM 
(See Plate IT.) 

The double corn marigold constitutes a new variety 
which has recently arisen in my cultures. It has never 
occurred before. Chrysanthemum scgctum is, of course, 
a favorite annual garden plant, and so is a variety of it 
called C. segetiim grandiflorum, A form called C. scgc- 
Hm Gloria is announced amongst this year’s novelties;^ 
its flowers are said to attain a diameter of 10 centimeters, 
but it is not double. If a double form ever had appeared, 
it would without any doubt have been put on the market 
as a noteworthy improvement, even as the double vari- 
eties of Chrysanthemum inodorum and other composites 
are so widely grown. 

My “conquest,” as the breeders of hyacinths in Haar- 
lem call their novelties, is the counterpart of the well- 
known Chrysanthemum inodorum plenissimum. It is 
inferior to it in the matter of color, inasmuch as white 
flowers are always in greater favor than yellow ones. 
The doubling of the heads of composites is never so 
perfect that tubular florets are completely absent from 
all inflore.scences. Nevertheless it frequently looks as if 
this were so (Fig. 28) ; but if we look a little closer we 

^ Seed-cataloj?iie of Haage and Schmidt in Erfurt, 1900. 
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will always find between the tongue florets, more or less 
numerous tubular florets which are hidden from view by 
the others^ Moreover, the degree of doubling is to a 
considerable extent subject to fluctuating variability ; one 
plant has more and another fewer, transformed florets. 



1‘iK Chrysmlhcmum nwdomm picutsstmum, A plant 
with a lugli decree of doubling in the intlort sct*ncrs and 
cnnsiqucntl}, jn-rfcctly sterile ' * 


This is an iniinirtant ijoint. for the white tongue florets 
of C. tnodorum plniissimum are female and inflorescences 
such as those shown in lMg.28 and Fi{>.34C on page 184 
set absolutely no seed. 'I'lie variety is therefore main- 
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tained by saving seed from plants such as those fig\ired 
in Fig. 34 A and B, p. 184. 

These remarks also apply to my new Chrysanthemum 
segetum plenum. Many specimens set absolutely no seed 
because the doubling has gone too far. For the same 
reason others afford only a meagre harvt st. Too drastic 
a selection at the beginning of tlic flowering period would 
destroy any prospect of a harvest and might even result 
in the extinction of the variety. 

Moreover plants with a high degree of “doubling ' 
produce no pollen for the fertilization of the others, 
because they are almost exclusively female; so that they 
can take no part in the i>erpetuation of the race in this 
way either. 

My novelty is probably the first liorticultural variety 
which has arisen in an experimental culture. By this 
I mean that pure fertilization has been insured since the 
beginning of the culture and that exact and detailed 
records of the course of the experiment have been kept 
every year. Moreover the selection of the seed-parents 
has constantly been carried out from tlic very I^eginning, 
with a view to the same ideal. Selection began in 1897, 
the “double” race was obtained in 1900. The selection 
occupied, therefore, a period of three years. 

The corn marigold, being a composite, is admiraljly 
adapted to form the material for a statistical investi- 
gation of its variability. The number of ray florets 
fluctuate in accordance with the well-known law of Lud- 
wig based on Braun and Schimper’s series. By this 
means the exact composition of a culture can be ex- 
pressed in figures and plotted graphically by recording 
a sufficient number of inflorescences. The course of the 
selective process can in this way be displayed in all its 
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details. Although an explanation of Braun-Schimper s 
series is still wanting, each of the numbers in it (e. g., 
13 y Jh etc.) may figure as a specific character; that is, 
it may be the constant mean for a particular species. On 
the other harfd they may constitute stages of variation 
or characterise races whose nature is still unknown to 
us. We must therefore limit ourselves to a purely em- 
pirical description. 

f it seems desirable to 

give a general outline of 
the significance of my ex- 
periment before I proceed 
to describe the details. 

The corn marigold is 
very common in cornfields 
over the greater part of 
Europe, as also its German 
names Saatumcherbhuuc' 
and ''gclbe Kornblnme* im- 
ply. It has thirteen ray 
florets in the inflorescence 
and fluctuates around this 

number according toQuE- 

I'ig jg i hrysanthrmum segetum ^Fi FT's law A 
tlcnum. An almost completely ^LLET S law. A commercial 

double inflorescence. See also variety, called Clirysauthe- 
Plate 11. 

mum segetum graudiflo- 
rum, whose origin is not known, is distinguished by the 
possession of larger and more numerous tongue florets.^ 
So far as my exi>erience goes, bought seeds of this vari- 
ety give rise to a mixture of this and of ordinary C. 
^egetum, no doubt on account of the fact that in the 
nurseries Innh are grown close together, for practical 
^Rumpler, rUmorin's Blumengartnerei, i8g6, II, p. 507. 




I'ig J() C hrysunthemum segetum 
fflenuin. An almost c-omplctely 
double inflorescence. See also 
Plate 11. 
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reasons. In botanical gardens, too, both sorts are often 
grown together; and, frequently, simply under the name 
of C, segetum. 

This mixed assemblage gives rise to a dimorphic 
curve but the two groups of individuals which com- 
pose it can easily be isolated by selection. Then the 
C. segefum grandiflorum proves to have a mean of 21 
ligulate florets, around which variation practically takes 
place in the same way as in the 13-rayed race (i. e., the 
wild species), except that it has a tendency to multiply 
the number of rays beyond the limits of a normal Quete- 
LET^S curve; a fact which indicates discontinuous varia- 
tion.^ 

This slight indication was the starling point for my 
experiment. In 1897 I chose a seed-parent with 34 rays 
for the 1898 crop, and reached 49 rays.^ Proceeding 
in the same way I reached 67 in 1899 and about 90 in 
1900 in the best inflorescences. Up till 1899 the ligulate 
florets only appeared in the circumference, the disc con- 
sisting solely of tubular florets. In this year, however, 
there appeared 2 or 3 ligulate florets in the midst of the 
disc of a few flowerheads on a single plant. This was 
the first indication of the double race. Therefore 1 only 
sowed the seeds of this one plant in 1900, and from that 
the race was fully developed (Plate II). Apart of course 
from eliminating the possible effects of crossing, it needed 
no further selection; a too rigid selection was moreover 

^ Eine sweigtpfclige J^ariationscurve, Archiv fur Entwickelungs- 
mechanik der Organismen, Leipsic, 1895, p. 52. 

* Compare the half curves (p. 26) and the note on page 29. See 
also Ueber halbe Galton-Curvcn als Zeichen discontinuirlicher V arigi- 
tion, Berichte d. deutschen hot. Gesellschaft, Vol. XII, p. 197. 

* Ueber CurvenselecHon bet Chrysanthemum segetum. Same jour- 
nal, 1899, Vol. XVII, p. 84. 
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to avoided on account of the sterility of the most 
highly modified individuals. 

?,1y cultures embraced, as a rule, a hundred individ- 
uals each, but sometimes a few hundreds. There can 
hardly be a doubt that if I had carried out more extensive 
sowings 1 should have attained my object at least one 
year earlier. But the more stringent the selection is, the 
smaller are both the harvest and consequently the next 
year’s crop. 

Of course the reader will ask, has this transition been 
a gradual or a sudden one? I consider it sudden; but 
much depends on the meaning that we attacli to the 
words. At any rate the change did not occupy centuries, 
as is commonly supposed by the current theory of selec- 
tion; it did not even recjuire one decade. Three years 
were sufficient in a culture of no more than a few square 
meters in extent. 

T now come to the details of the experiment and sliall 
first give a short description of the original wild species. 

T\w sj)ecics does not grow around Amsterdam. The 
lierbarium material collected by me in various parts of 
the Netherlands points to the general occurrence of a 
mean number of 13 rays. TIeinsii^s plotted curves from 
plants from two bKalities in tlic province of North Bra- 
bant, and obtained the following numl)ers. The first row 
relates to ])lants wliich were collected near Vucht, the 
sec(md to a collection from Hintham.^ 

NUMBER OF I K.ULATF. FLORETS (I f) TUK NK'l Hi.RL \Nl)S 

1- 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Vucht 0 1 13 5 3 8 18 78 37 22 11 17 2 3 3 0 

Hinthain 1 0 9 9 8 15 14 33 9 4 1 0 1 0 0 0 

' Bcr li. fi hot Ctcs., Vol. XVMI, p 87 1 have already exhibited 

tlie variation in lK>th localities united into a single curve in Vol I 
(See p. 15 J, Fig 3 -?), 
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In all 221 and 104 flowers were examined. The 
curves are moqiomorphic and symmetrical. 

The same is true 6f this species in Thuringia. Lupwu: 
gives the following data derived from 1000 plants col- 
lected at Brotterode.^ 

DATA FROM THURINGIA. 

L. F. 7 8 9 10 IX 12 13 14 15 16 17 18 19 20 21 

Indorescesces 1 6 3 25 46 141 529 129 47 30 15 12 8 6 2 

We may therefore assume that the mean number of 
rays for the wild corn-marigold is 13. 

I investigated the mixed race occurring in Ixitanical 
gardens for the first time in 1892. The result proved to 



Fig. 30. Chrysanthemum segetum. Mixed crop. Curve of 
the ray-florets in the primary inflorescences of 97 indi- 
viduals in 1892 The upper series of figures gives the 
number of rays, the lower .series the number of those in- 
dividuals possessing the scale character written above it.* 

be a dimorphic curve (Fig. 30), which at the time was 
the first compound curve to appear in botanical literature.*^ 
I had obtained the seed for the experiment by exchange 
from a number of botanical gardens. I mixed it thor- 
oughly and sowed it on a single bed, where 97 plants 

^F. Ludwig, Ueher Variationscumen und VariationsHdehen, Bot 
Centralbl., Vol. LXIV, 1895, P- 5 - Also F. Ludwig, Die pHanslichen 
Variationscuri'cn und die Gauss* sche Wahrscheinlichkeitscurvc \ same 
journal, Vol. LXXIII, 1898, p. 71 (p* of the offprint), 

*From the Archiv f. Entwickelungsmechanik , loc. cit., p. 58. 

* Archiv fiir Enhvickclungsmechanik, 1895, Joe. cit. See also 
Ludwig in Botan. Centralbl, Vol. LXIV, 1895, p. 71. 
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flowered altogether. I picked off and recorded a head 
from each of these during the course of the summer. 
On every plant I selected the terminal inflorescence of 
the main stem as soon as it opened ; plants in which this 
failed were pulled up before they flowered. Only pri- 
mary inflorescences were, therefore, employed, and the 
curve obtained was an index of individual variability, 
that is to say each unit in it represented a whole plant. 
The figures obtained are represented in the following 
series. The upper row gives the number of ligulate 
florets (L. F.) per inflorescence; the lower, the number 
of individuals which possessed these numbers. 

VARIATION IN NUMBER OF RAYS IN (. SEGETUM, 1892. 

L. F. 12 13 14 15 16 17 18 19 20 21 22 
Individuals 1 14 13 4 6 9 7 10 12 20 1 

The curve based on this series of figures is given in 
Fig. 30. One of its two apices corresponds to that of 
the wild species, the other to that of the curve for C/iry- 
sanihcmum Lcncanthemum and C. inodoriim. 

My next task was to separate the components from 
this mixture and to do this in such a way as to place their 
existence in the mixture beyond doubt. On account of the 
inevitable interference of insects in pollination it seemed 
to me impossible to do this for both supposed races at 
the same time, so I determined to isolate the 13-rayed 
form first, and the 21 -rayed later on from a new mixed 
crop. I devoted the two years 1893 and 1894 to the 
former inquiry. 

With this object in view, 1 eradicated every indi- 
vidual of the mixed crop of 1892 which had more than 
13 rays, as soon as I had counted the rays on its terminal 
flowerhead. In this way only IS plants were saved, of 
which one had 12 and the rest 13 ligulate florets ; the rest 
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were removed so early that there was no danger ot these 
15 being fertilized by them. These plants flowered abun- 
dantly from their lateral sh(X)ts but exhibited no tendency 
to font! a curve with an ai)ex at ?l. They were there- 
fore siifiiciently pure representatives of the supposed 
race. 

In September I harvested the seeds of the 13'»‘ayed 
plants which I had spared, and sowed lialf of them in the 



A B 


Fig. 31. A. Chrysanthemum segetum B Chrysanthemum 
segetum grandiHurum (after purilication ). Curvc.s iif 
the races after isolation. A, Curve of tlie i3-rayc(l rare 
in 1894. B, Curve of the 21 -rayed race in 1897 The 
ordinates give the number of individuals with like 
number of ray-florets in the primary inflorescences of 
the individual plants. The numbers of ray-florets them- 
selves arc given below the abscissa 


following spring (1893). I raised 162 flowering indi- 
viduals, and recorded the numbers of rays on their ter- 
minal heads. The curve representing this generation 
was vSteep, monomorphic and symmetrical (see Fig. 31 A 
for 1894), and agrees satisfactorily with the curves, 
given above, for the plants from the wild locality (p. 167 
and Fig. 32, Vol. I, p. 152). Therefore there can be no 



170 Observation of the Origin of Varieties. 


doubt that the wild form exists in the mixtures grown 
in lx)tanical gardens. But in order to strengthen this 
]>roof I have cultivated the isolated race for one more 
generation. For this purpose I selected three vigorous 
plants from amongst the 1893 crop whose terminal in- 
florescences had 12 ray-florets, and left them to be fer- 
tilised by themselves and by their like after all plants 
with 13 or more rays had been eradicated. From these 
three seed-parents I harvested the seed separately and 
raised three families, in 1894, on different beds. The 
rays of the terminal inflorescences were recorded, and the 
exjxiriiTient brought to an end. 

I shall iKjw give the results of these three counts 
made in 1894 together with that of 1893. It will be 
seen tliat the series of figures correspond with one an- 
other exactly; at any rate as nearly as is necessary for 
the object (^f this experiment. The composition of the 
four ctiltures in the two generations was as much the 
same as we shouM expect four samples of an ordinary 
species to be. 

THE 13-RAYED race. 

VARIATION IN NUMIJER OF RAYS, IN TWO GENERATIONS. 

Ray-florets 8 9 10 11 12 13 14 15 16 17 18] 19 20 21 

1893 2 1 0 7 13 94 25 7 7 1 2 0 3 0 

1894. First family 000 1 10 59 18 2341021 

“ Second “ 0 0 1 4 11 89 11 5 0 0 2 1 0 0 

“ Third “ 0 1 2 3 10 73 21 1 2 0 0 0 0 0 

Total, 1894 0 1 3 8 31 221 50 8 5 4 3 1 2 1 

The total for 1894 is given in the form of a curve 
in Fig. 31 A. The whole number of individuals dealt 
with in this year was 338.^ 

In order to isolate the 21-iayed race out of the same 

'For a detailed comparison of the curves of the two years see 
Archiv fur Entwickelungsmech., II, 1895, loc. at, p. 62 
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mixture, I had tp provide more seed because the previous 
stock had been completely exhausted. I procured it in 
the same way, by exchange from !x>tanical gardens, and 
from a similar number of them (about 20). it was not 
to be expect#*d that the identical form of curve w^ould be 
obtained again, Ixscause the relative height of the two 
apices obviously depends on the proportion in wliieh the 
two constituent races are mixed: and this must be 
left to chance. I was therefore curious to find out 
wlietlicr the 13-rayed race alone was cultivated in some 
gardens and the 21 -rayed exclusively in others. With this 
I sowed the various samples separately, and on 
a sufficient space to bring as many specimens to flower 
as possible. I then recorded the terminal inflorescence 
of each plant. From no single garden had a pure race 
lieen sent, neither of the 13-rayed nor of the 21 -rayed 
form. In every case both foims were found mixed and 
in the most diverse proportions. The mixed race was 
therefore the only one generally cultivated at that time. 

The variation in tlie number of ray-florets in the ter- 
minal inflorescences of the 589 individuals of the whole 
culture of this mixed race from the botanical gardens in 
1805 was as follows: 

L. F. 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
Individuals 7 3 3 5 14 153 77 60 55 31 33 39 41 56 10 1 0 0 1 

That is to say, the same apices as in 1892; but in this 
series the 13-rayed race is obviously more strongly rep- 
resented than the other. 

With a view to discovering also the clviracter of the 
race which is sold as Chrysanthemum segetum grandi- 
florum, I sowed a quantity of its seed. When the plants 
flowered in July an extraordinary variety of forms was 
exhibited by the ligulate florets. These were in some 



172 Observation of the Origin of Varieties. 


cases very short, in others very long; in some cases so 
narrow that they did not touch one another, in others 
mere than twice as broad as those of the wild form. 
The color varied between golden and straw yellow, the 
tips of the florets were entire or indented, and so forth. 
I'his was sufficient to indicate the presence of several 
races. With regard to the number of ray-florets the 
differences were not so great, as in the mixtures we have 
already dealt with. There was only one perfectly dis- 
tinct afK\x, that at 21. The other at 13 was more or 
less obscured. It was obvious that the commercial race 
was the 21 -rayed one, and that it had been adulterated 
by admixture with the other only as much as is unavoid- 
able and therefore admitted in all cultivation on a large 
scale. 

The terminal inflorescences of the 282 plants of this 
culture of C. scyctnm grandiflornm were recorded witli 
the following result: 

L. F. 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Individuals 1 0 0 1 1 27 27 24 31 30 21 29 24 58 7 0 1 

"Hiese figures confirm what I have said and show that 
the 21 -rayed race of C. s. grandiflornm contains an ad- 
mixture of a relatively small number^ (which probably 
fluctuates from year to year) of the 13-rayed race. 

My next task was to isolate from this mixture the 
21 -rayed race, whose existence liafl so far been merely 
inferred. I devoted the two following years to this in- 
quiry, and in the summer of 1805 selected the necessary 
seed-])a rents from the mixed crop. 

We here encounter an obstacle in the shape of trans- 
gressive variability, to which we have already referred, ^ 
and which has often raised difficulties in the earlier in- 

*See Vol. T, Part I, p. 56; and Prrt II. §25, p. 430. 
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vestigations. In order lo bring this phenomenon into 
Ijolder relief let as imagine that the isolation has already 
taken place and the new race isolated. In other words 
let us examine Fig. 31 (p. 159) and the data from which 
this is derived (pp. 170 and 176V Let us first fix our 
attention on the ordinate at 21. It (‘cntains only indi- 
viduals of the 21 -rayed race. But in 189‘1 a single ex- 
treme variant appeared, which, although belonged to 
the 13-rayed race, nevertheless had as many as 21 rays 
< p. 170). If the cultures of 1893 and 1894 had been 
more CKtensive the ninnl)er of these extreme variants 
v.tuld obviously have been greater. For the ordinates 
20, 19, 18, etc., it is still more evident that individuals 
of l)oth races can occur. 

If we choose plants which have 21 or more ligulate 
florets in their terminal inflorescences we cannot at all 
be certain that they all belong to the race which is be- 
ing sought. And if they are left to pollinate one an- 
other, or if their seeds are mixed in the harvest, there 
is small likelihood of the strain being pure. Amongst 
the majority of pure seed-parents a number of individ- 
uals of inferior value may exist and it is necessary to 
remove these as soon as possible, at any rate befr re the 
harvest. 

The possif)ility of doing this is afforded by the 
later flowers. By means of them a curve can be de- 
termined for each plant, and in this way values can 
be obtained which are independent of the chances in- 
separably connected with small numf)ers. The curves 
describing the separate parts of one indivklital are called 
its ‘‘part-curves.” I have therefore plotted such curves of 
all the individuals selected at the beginning of the flow- 
ering period as having 21 and more rays in their ter- 



174 Observation of the Origin of Varieties. 


minal inflorescences. The result proved my view to be 
correct and showed the necessity of the correction which 
it had suggested. For there were 22 plants which, al- 
though their, terminal inflorescences were 21-rayed, had 
a part-curve with an apex at 13-14. The following 
are the data as obtained at the end of August : 

L. P. 12 13 14 IS 16 17 18 19 20 21 

Lateral flowerheads of 22 indiv. 2 54 58 51 28 19 19 12 2 2 

These plants therefore belonged to the 13-rayed race, 
and were consequently eradicated. 

Besides these, there were five plants with doubtful 
curves: they were also not retained. All that was left 
was a group of 6 individuals whose curves seemed to me 
sufficiently distinct and certain to justify the harvesting 
of their seed. The following line gives the sum of their 
data : 

L. F. 12 13 14 15 16 17 18 19 20 21 22 

LattM-al fiowerhead.s of 6 indiv. 0 1 3 5 4 6 11 21 30 29 1 

All in all there were 111 inflorescences.^ If the 
terminal inflorescences of these plants (5 with 21, 1 with 
26 rays) had been included, the maximum would have 
been exactly at 21, Seed was saved only from these 
six plants for the 1806 crop. It was harvested separately 
from each parent. 

The fertilization of these plants had not been wholly 
pure, Iiecause the rejected plants referred to above could 
not be recognized nor remoxed before the latter part 
of .August, and because flowers which bloom in Sep- 
teml^er set hardly any seed with us. Each of the six 
crops actually gave a curve which had a distinct maxi- 
mum at 21, but only one of them (No. H wholly lacked 

’ The curve h figured in Bcr. d. d. hot. Ges. Vol. XVTT, Plate VII. 
Fig. 2B 
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the other maximum, without however being symmetrical. 
Even in this group the race was therefore still far from 
being pure. Below I give the curve for the offspring 
of the single best seed-parent together vvith the sum of 
the curves representing the offspring of the five remain- 
ing seed-parents (Nos. 2-6). These curves therefore 
refer to the initial culture of the 21 -rayed race (1896), 

L. P. 9 10 11 12 13 14 15 16 17 i« 19 20 21 22 23 24 

No. 1 0 1 0 3 9 15 15 22 30 33 36 64 123 15 5 0 

Nos. 2-6 1 5 11 12 70 84 69 92 79 77 114 150 416 46 1 

in all 370 plants were recorded for No. 1 and 

1220 for Nos. 2-6. 

Only the first named group, that is to say the off- 
spiing of the plant nuinlKmcd 1 in 1895, was used for 
the continuation of the exiieriment, and from it the liest 
seed-parents for the purification of the race were selected 
on the basis of an examination of their lateral branches. 
Idiese were two plants the lateral flowerheads of which 
gave the following curves ( 1896) ; 

L. F. 12 13 14 15 16 17 18 19 20 21 22 
No. 1 rz 0 1 1 4 3 2 2 0 3 3 0 
No. 1<& 000000203 14 0 

Of the two. No. lb most obviously belongs to the 
race I was looking for. 

I harvested only the seeds of these two plants, and 
sowed them separately in the following year. In har- 
\Tsting this seed I confined myself to flowers which had 
bloomed after the other plants had lieen removed and 
had therefore been pollinated with their own or similar 
])ollen. The result corresponded with my expectation, 
for in the following summer the race was pure on both 
beds. 
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This is seen at a glance from the two series that fol- 
low and from Fig. 31 B which relates to the second group. 
The data were obtained in the same way as in previous 
years, only the terminal inflorescence of the main stem of 
each plant being recorded. The character of the second 
generation of the 21 -rayed race in 1897 was, therefore, 
as follows: 

L. F. 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 32 

No. la 0012023 41 41200000 

No. 1 ^ 1 3 0 3 7 14 43 142 43 21 11 5 3 1 0 1 

Both groups are very symmetrical, a fact which can 
he immediately seen in Fig. 31 B which is even more 
regular than the corresponding figure of the 13-rayed 
race (Fig. 31A). There were only 56 flowering off- 
spring of No. la but 298 of No. \h. 

If I had not limited myself in the previous year to 
such a small num1)er of seeds, I should have had to sow 
the seed either of less suitalde individuals or from flowers 
on the same plants which had opened earlier, i. e., which 
liad been pollinated with inferior pollen. In that case 
my race would have l)een just as incompletely pure in 
1897 as it had been in 1896. I have convinced myself, 
by si^ecial exj)eriments with such seed, of the correctness 
of this view, Imt do not consider the details worth print- 
ing^ 

By this result the isolation of the races supposed to 
exist in the mixture, was acconi] dished. Let us therefore 
once more examine Fig. 30 on page 167 and Fig. 31 on 
page 169. The first thing that we see is that the maxima 
are tlie same in f)Oth figures; they lie at 13 atul 21. The 

' Faces difTerinj? in their mimher of ray~florets can he mixed by 
crossing {Ber d dcutschen b(yt. Ges„ Vol. XVII, p. 92). This mix- 
ture is an extremely interesting phenomenon in many respects, W 
needs a closer investigation. 
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explanation suggested by the double curve h^s thus been 
fully substantiated by the result of selection. On the 
other hand it is perfectly plain that the dimorphic curve 
is not simply the sum of the two monomorphic ones. 
The mixed assemblage does not simply contain the two 
mixed races, either in equal parts or in iny other pro- 
portion. It cannot be synthesi-j^ed from its components. 
Ihis is proved by two circumstances: on the one hand 
by those parts of the curve that lie outside the maximum 
ordinates, on the other by the middle part. The two 
component curves begin at 7 and end at 28 (32) and 
tlicir sum should do so too. But the curve of the mixed 
race is limited by 1 1 and 23. I'his is seen more clearly 
by looking at the ordinates 12 and 22. since there are 
far too few individuals in these in Fig. 30. Thus we 
sec that the limits of the curves arc, so to speak, ‘'drawn 
in” in the mixture. On the contrary the individuals are 
heaped up between the two apices. Moreover in this 
part there is a secondary maximum. This is seen at 17, 
but in the commercial mixture of 189.S falls on 16^ ac- 
cording to the figures given above (see p. 172). 

JVc come now to the double rare. It is a well-known 
saying amongst horticulturists, that any one who wishes 
to obtain novelties must be eagerly on the k^okout for 
small differences (See Vol. L Part I, p. 185, and this 
volume. § 2. p. 9). If these deviations are not cases of 
fluctuating variability but strike the eye l)y the fact that 
they are much rarer than these, it is probable that they 
are the external manifestations of semi-latent characters. 
If this is actually the case it is further probable that the 
character can be brought by isolation and selection to 

^ i6 (= 3 -h 5 + 8) is one of the subsidiary numbers in Lud- 
wig's law. The question arises whether by the crossing of two pure 
races these subsidiary numbers may arise elsewhere also 
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partial if not to complete predominance. The success 
of the experiment of course depends on factors still 
unknown to us, for it is by no means always successful. 

My belief jn these principles, which Darwin himself 
often refers to, led me to pay special attention, from the 
very outset of my experiment, to part-curves, i. e., to 
cur\es derived from the lateral flowers of the single 
plants (seep. 173). It is useless to give the numerous cases 
which aflForded no indication of a latent character, and 
so I will proceed at once to that plant which was the 
first to do so. It was a specimen of the 21 -rayed race 
of 1896, which had 21 ray-florets in its terminal in- 
florescences and gave the following j^art-curve on the 
12th of August : 

L. F. 14 15 16 17 18 19 20 21 22 

No. U 1 1 2 2 2 3 0 3 4 

I refer to this plant as No. Ic' in order to indicate 
that it belonged to the .same culture as Nos. la and lb 
whose part-curves were given on page 175. It agrees 
with those two plants in the fact that there is not a tr^ce 
of a inaximuni at 13; but it differs from them and^t'om 
all the other plants that were examined on the saii^e' bed, 
by the possession of four flowers with 22 rays. On no 
other plant was there a single lateral flower with more 
than 21 rays. 

This indication was no doubt pretty small. It would 
not have been discovered but for the countitig of the 
ligulate florets. Without this statistical metliod of in- 
vestigation it wwild certainly never have I>een grasped, 
for the plant 1 c grew in a ailtiire of r.bout 1 500 speci- 
mens, It was noted first, along wdth 500 others, as hav- 

* Bertchte d. d. hot. Ces., Vol. XVIT, p gi, where No ir is given 
as No, 12 in the series. 
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ing 21 rays in the terminal inflorescence, and as thus 
complying with the main condition for the new race. By 
means of the grouping of the figiires for the offspring, 
that of one seed-parent (1895, No. 1 of page 175) was 
first proved ^o be far letter than that of the five other 
parents. Then amongst this chosen grotip the individuals 
with the largest numt)er of flore'ts in their terminal heads 
weie selected and amongst the best of tliese was found 
the one winch gave the faint indicatioii already described. 


CnRYSANTIIEMUM SEGETf^M GRANPIFLORUM. 

ANCEbTORS OF THE HOUBLE RACE. 


YEAR 

ri.ANT 

NUMBER OF RAYS IN TERMINAL 
INFLORESCENCE 

ADVANt \ 

1895 

No. 1 

21 


1896 

No. Ic 

21 

— 

1897 

— 

34 

13 

1898 

— 

48 

14 

1899 


(/) 

18 

1900 

Maximum 

101 

35 


But small though this indication was, it sufficed to 
bring the latent character to light. All that was still ne- 
cessary was to carry the process of selection on through 
three years in the same direction and on similar prin- 
ciples. 

I chose only one seed-parent each year for tlie 
continuation of the experiment, isolated it together with 
some of the next best as early as possible, and harvested 
its seeds separately from those of its neighbors. Com- 
pletely isolated plants of Chrysanthemum sri/etum usually 
set so little seed that it is impossible to rely on them, and 
therefore fertilization has to be effected to a certain ex- 
tent by inferior individuals. If this were not the case 
my object would most certainly have been reached earlier. 
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CHRYSANTHEMUM SEGETUM PLENUM. 

(See page 182.) 

CURVES OF RAYS IN THE ANCESTRAL GENERATIONS.^ 

(Only the terminal inflorescence of each individual was employed in 
plotting these curves.) 


T.F. 

14 15 

16 

17 

18 

Il9 

20 

1 21 

1 

22 

23 

24 

25 

26 

27 

28 1 

29 

30 

1896* 

i IS 1 15 

22 

30 

33 

36 

64 

123 

15 

5 

i “ 







1897 

2I 1 

2 

1 

0 

12 

10 

169 

102 

45' 

30 

19 

21 

3 

1 

2 

1 

1898 

1 1 

i 1 




1 

2 

10 

17 

17' 

20 

21 

30 

17 

13 

10 

11 

1899 

1 

1 1 




1 

1 

Ij 

0 

0 

3 

2 

9 

6 

6 

7i 

3 


(continued.) 


T.F. 

31 

32 

33 

34|35 

36 

37 

38| 

39 

40 

41 

42 

43; 

44! 

45 

46 

1897 

1 

0 

0 

1 













1898 

6 

9 

13 

21 

6 

3 

5 

3 

1 

2 

0 

0 

0 

0 

0 

2 

1899 

« 

|I2 

13 

12 

14 

10 


81 

6 

7 

4 

8 

6 

1 

10 

6 

1900 



1 

1 0 

0 

1 

1 

i| 

0 

0 

1 

0 

1 

2 

1 

0 







(continued.' 

1 







T.F. 

47 

48 

49 

50 

51 

52 

53 54 

55 

56 

57 

58 59 

60 

61 

62 

im 

0 

r 






1 





1 




1890 

4 

4 

2 

2 

2 

0 

2 

i 0 

1 

0 

2 

0 

I ^ 

0 

0 

1 

1900 

4 

0 

0 

2 

0 


1 

i 2 

0 

1 

0 

2 

!o 

0 

0 

1 


(continued.) 


T.F. 

63 

64 

*65 

l66 

167 

68 

69 

70 

71 

72 

73 

74 

75 

99 

101 

1899 

0 

i 0 

0 

1 

1 











1900 

1 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 


* These scries of figures, with the exception of those for 1896 
are exhibited in the form of curves in Fig. 32. 

*For the complete curve of 1896 see page 175. The individuals 
with IU-13 rays are left out here. 
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Chance may ;^lso be unfavorable in another respect. 
It often happens that the best plant is not sufficiently 
vigorous to be chosen as seed-parent, but fortunately this 


12 IS »8 21 2-1 2 ' ?0 33 36 39 42 45 48 51 54 57 fO 63 66 69 72 75 7# 81 84 87 90 93 96 99«02 



Fig. 32. Ancestral generations of Chrysanthemum srf^efum 
plenum. Curves of the number of rays in llic terminal 
inflorescences in the severai individuals of the genera- 
tions of 1897-1900. For the numbers themselves see 
page 180 The seed-parent of 1896 was 21-rayed (X at 
the top of the 1897 curve) ; the other chosen seed-parents 
arc indicated in the various curves by a X over the appro- 
priate ordinate. The original plant, from which the 
culture was derived, was the individual grown in 1895 
as No I (p. 175) from which No. ic arose in 1896, and 
from the seeds of this came the culture of 1897. 


difficulty did not present itself in the experiment under 
consideration, partly because of the favorable conditions 
of culture. 
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The progress was uniform and regular and the sim- 
plest index of it is the series of successive seed-parents. 
I hr number of ray-florets in the terminal inflorescences 
of my selected plants in successive years was as shown 
in the table on page 179. 

The progress can be seen still better from the curves 
which I have plotted of the terminal inflorescences in the 
various generations. The reader is referred to the table 
on page 180 and Fig. 32 on page 181. The original plant 
of 1895 referred to as No. 1 arose from a seed which, 
as already stated, was obtained by exchange from a 
botanical garden. Indeed this particular lot of seed came 
from Groningen but produced a mixture the curve of 
which would obviously not have any special interest. The 
cultures of the subsequent years were every time the 
offspring of a single individual whose fertilization by its 
like had been insured as much as possible. 

The following considerations arise out of an inspec- 
tion of Fig. 32, 

The curve of 1897 was monomorphic like that of the 
typical examples of the 21-rayed race (Fig. 31 B, p. 169) ; 
hut it was markedly asymmetrical, a fact which afforded 
a ])retty strong indication that the race could be improved 
by selection in the plus direction. It confirmed the expec- 
tation based on the part-curve of the parent of this 
culture. 

The cur\’e of 1898 relates to the offspring of the 34- 
rayed plant of 1897. In it new maxima appear. These 
confonn with LuDWIG^s law, for they lie on the figures 
of the well-known Braun-Schimper or Fibonacci se- 
ries. One of them is at 34 (= 13-1-21) which belongs 
to the primary series : the other is at 26 (= 5 + 8-{- 13) 
which is one of the subsidiary numbers. The maximum 
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in this year was offered by a plant with 48 rays which 
was healthy enough to be chosen as a seed-parent. But 
this figure lies very close to the ne'ct figure in the series 
(13 + 34 = 47). The maxLnum at 21 has disappeared, 
but the form of the curve clearly indicates its participa- 
tion in the composition of the 
whole. 

In the following year the 
advance was much less consid- 
erable. The maxima at 26 and 
34 and that near 47 became 
more distinct, but the maxi- 
mum number of rays increased 
tn 67. At the same time an- 
other still more imix)rtant dif- 
ference appeared since now for 
the first tifiie ligulate florets 
ai)i)e:ired l)etween the tubular 
florets of the disc. This only 
occurred on a single plant and 
not till the beginning of Sep- 
teml^er. 1'his plant had 66 
ra\'s in its terminal inflores- 
cence, and was one of those 
whicli had I^een selected as seed- 
])arents, and accordingly isolated at the beginning of the 
flowering period. On account of its possession of this 
first sign of real doubling it was chosen for the continua- 
tion of tlie ex|)erinient in 1900, to the exclusion of all 
the rest. 

It is well known that in other species of this genus 
(e. g.. Chrysanthemum indicum and C. inodorum) the 
doubling consists in exactly the same phenomenon. In 



33 - Chrysanthemum se- 
getum plenum. One of 
the .six inflorescences 
which in 1899 first exhib- 
ited true ‘‘doubling” The 
figure represents the par- 
ent plant of the ‘‘<!ouble” 
variety. 
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the midst of the tubular florets (Fig. 34A) ligulate florets 
are developed (Fig. 34B). If the ‘‘doubling” is carried 
^^ery far the former are completely covered by the latter 
(Fig. 34C), and can only be seen by pulling out the 
ligulate florets or by turning them aside. If this is done 
a large numl")er (and not merely a few scattered ones, as 
might perhaps be expected) of tubular yellow corollas 



Fig. 34. Chrysanthemum hwdorum plenissimum. A, in- 
fiorc.scence with central disc of tube florets ( fertile ) ; 
n, with scattered tongue-florets in the disc (half fer- 
tile) ; C, highest degree of “doubling" (sterile). 

arc ordinarily found ; and the less the amount of doubling 
the more coiisi)icuous they arc. Moreover we often find, 
in both species, inflorescences with a broad yellow disc 
over which occasional white ligulate florets are scattered 
(h'ig. 34 B). Such flowerheads look like anomalies, 
though, as a matter of fact, they are less anomalous 
than the ap])arent1y coniplei-ly “double” forms. 
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This 66-rayecI plant was the first of my race to betray 
the fact that it contained the much desired double char- 
acter. From this moment the attainment of m>* object 
was assured. 

The six Tirst “double*’ inflorescences referred to, had 
about 40-50 ray-florets around their circumference and 
moreover one to three in the disc. But as they flovv^ered 
too late to ripen seeds, I ha^x photographed and pre- 
served them (Fig. 33). 

I hi fortunately tliis plant gave hut a poor ha i vest, 
j)n)diicing otily 31 plants with terminal flowerheads. A 
I nr\c representing these heads is given in Fig. 32 under 
1*>(X). The numlier of observations is of cotirse much 
to(i small to furnish a proper curve or to justify the draw- 
ing of conclusions as to its maxima. On the whole, 
however, the figure indicates a definite advance over the 
earlier years, and this advance is especially expressed in 
the fact that amongst thi« small number there were two 
])lants which far outstripped all previous ones in the 
inimlxr of their ray-florets. Their tenninal inflorescences 
contained respectively 99 and 101 rays, whereas the next 
maximum expected would lie 34 + 55 = 89. 

“Doubling” now appeared quite suddenly in full de- 
velopment in this culture (Plate II). For convenience 
of reference I shall call the white ligulate florets situated 
amongst the little yellow tul)e florets, “disc-tongues.” 
These disc-tongues were now quite commem. From no 
single plant were they completely absent if attention was 
pai<l to l)oth the terminal and lateral flowerheads. But 
their numl)er was subject to a high degree of fluctu- 
ating variability. As a rule flowers with less than 40 
rays had no disc-tongues, and the number of these in- 
creased with the total number of the outer rays. For 
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instance, a terminal flowerhead with 56 rays had 53 on 
the periphery and 3 inside; while one with 74 rays had 
5S on the circumference and 16 in the disc. In the 
records on^which were based the table on page 180 and 
Fig. 32, both kinds of ligulate florets were counted to- 
gether. The two flowers with 99 and 101 ligulate flo- 
rets respectively were to all appearance almost entirely 
double. 

The ‘‘doubling” was also exhibited on tlie lateral 
branches. When these were in full flower, I selected the 
twelve l)est “double” plants and pulled up the rest. The 
lateral inflorescences of the rejected plants gave a curve 
whose maximum was at 47 (= 13 + 34) in accordance 
with the indications referred to above and apparent in 
Fig. 32. The worst flower had only 28, the best one 
94 rays. The average of the whole lot was 47 ; but the 
curve, in spite of the coincidence of the mean and the 
maximum was not symmetrical. Altogether the rays of 
378 inflorescences were counted. 

As was to be expected, the selected seed-parents ex- 
hibited great differences in the degree of “doubling” in 
the lateral inflorescences. On some this was inconsider- 
able. On otliers the mean was from 2-5 disc-tongues 
per inflorescence whilst on two a mean of 1 1 was counted. 
One plant bore nothing but wholly double flowers. It 
had seven flowers on which 279 disc-tongues were 
counted, giving an average of 40. In consequence of 
this the j)lant was absolutely sterile; it bloomed well 
afterwards, but in spite of every care I could not get 
a single seed from it. But the finest sijecimens of C, in- 
odorum fylcnissiwum are also known to set no seed. Like- 
wise the two plants whose lateral flowers had on the 
average 11 disc-tongues, .set no seed. 
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We thus SCO that the limit has been reached. Any 
further improvement of the race will only increase the 
number of doubles and consequently of sterile individ- 
uals. Seed-parents therefore must always be chosen 
amongst the plants with the same degree of “doubling'' 
as*in this year (1900). In this respect my new race be- 
haved, immediately after its origin, exactly like the old- 
established Chrysanthemum inodcrum plenissimum} 

It still remains to give some account of the general 
con(liti(ms of fertili7ation of the seed-parents in the vari- 
fnis years. No doubt the experiment would have been 
purer and more demonstrative if the corn marigold were 
capable of self-fertilization But this either does not 
occur at all, or only to a totally inadequate extent Each 
year I have therefore left a group of a few selected jdants 
to flower together after the eradication of the rest; and 
have been obliged to content myself with collecting the 
seed of each in a separate package. Future exi)eriments 
will have to determine W'hat the effect of this crossing 
may have l>een on the progress of the race. Meanwhile 
it may be of interest to place on record the number (;f 
plants which have flowered together each year, showing 
the stringency of selection to which they were subjected. 

In the sumwier of 1895 the original parent of the 
whole race, which was raised from seeds obtained by ex- 
cliange (1895, No, 1), could not be isolated until late 
and then incompletely, but as the plants flowering at the 
same time also belonged to the 21-rayed race the curve 
of the offspring was very “pure" in this respect (p. 176). 
In the next year the number of seed-bearers was reduced, 
al)ont the middle of August, to three very vigorous indi- 

‘The Matricaria Aore toto albo tlenissimo, described by Mun- 
TING in 1871, the best specimens of which also set no seed, was prob- 
ably the same variety (iVaare Oeffeninge der Planten, p. 527). 
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viduals which had 21,21, and 22 rays respectively, in their 
terminal inflorescences. One of those with 21 served 
fo^ the continuation of the experiment but all three had 
exhibited correspondingly high numbers in their lateral 
flowers. The fertilization in this year was therefore 
sufficiently pure. 

This was not the case in 1897. The 34-rayed seed- 
parent of that year was pollinated at first amongst all the 
other plants, and later amongst the rest of the selected 
ones which were however as many as 25 in number. It 
set so little seed tluit it was impossible to rely solely on 
the seed due to the later pollinations (i. e., the purest 
seed) for next year’s crop. The two maxima of the 
curve of 1898 are therefore, at least to some extent, due 
to mixed pollination (iMg. 32 under 1898). 

In 1898 I selected the seeds for the continuance of 
the race in two periods on the chosen seed-parent after 
having marked the flowers separately for them. The 
first harvest w'as from flowers wdiich had bloomed be- 
fore tlie removal of the rest, the second from those which 
iiad bloomed later. The latter must therefore have been 
fertilized by the seven remaining seed-parents whose ter- 
minal inflorescences, how^ever, all had had more than 34 
rays (the numbers were 35-36*37-38-39-40 and 46). 
I'he two specimens were sown separately and their curves 
detennined; hut no essential difference between them 
could l)e detected, either in their limits, or in their means 
or in their general shape. The seed-parent of 1899 with 
66 rays and with the first 1-3 ligulate florets on its discs 
(Fig. 33), Wonged to the first series, the 67-rayed plant 
shown in the table on page 180 for 1899, however, to 
the second. 

In Uie summer of IS'*)*;, tov/anls the end of July, I 
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saved 17 seed-parents with 48-67 rays in their tenninal 
inflorescence. From these I collected the seed from the 
flowers which bloomed in July separately from those 
whose flowers had opened after the selection had taken 
place. But the fonner sj^e^'inien I raised only 

three plants that tlow^ered ( wdth 41-44- !'/ rays in their 
terminal head), which evidently could have no effect on 
the siiape of the curve and we^e soon removed. Fertili- 
zation in 1890 therefore was again very pure. 

Having arrived at the end of the account of oiu* ex- 
periment, all that remains is to compare the course of 
the .^t loctive process in this case with the ordinary pro- 
cess of selection carried out in the improvement of agri- 
cultural plants. I refer the reader to Fritz Mueller's 
experiment with the many-rowed maize already de- 
scribed.^ 

Tliat tlie difference is essential will be clear from the 
descrii)tion given. In the case of the maize the object 
was to intensify the racial character (12-14 rows) as 
mucli as possilde by selection ; in the case of the Chry- 
santhemum the object was to uncover a latent character 
and to bring this to its full development. In the first 
case a visible character that had been known for ages 
had to l>e increased as much as possible; in the second, 
according to current conceptions at least, a new char- 
acter had to I>e called forth. The 26-28 rowed ears fall 
within the range of fluctuation of the 12-14 rowed race; 
and they would without doubt have appeared within it 
without any selection, if cultures of sufficient extent, 
which could be calculated beforehand, had lieen grown 
(Vol. I, p. 162). 

Without any doubt my crop of 1897 w(nild Iiave 

*See the pedigree in Vo!. I, Fig. r8, p. 73. 
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given rise immediately to flowerheads with central lign- 
late florets if it had been on a sufficiently large scale. 
But k would not have produced them in a proportion 
which could predicted by Quetelet’s law, but accord- 
ing to the principles of discontinuous variation which 
are still unknown to us. 

The course of the improvement is different in tlie 
two cases. The results obtained with the maize conform 
to the law of regression, the increase in the number of 
rows in the ears becoming slower and more difficult to 
secure, the further we get from the starting-point. Ex- 
actly the reverse is the case in the Chrysanthemum. The 
progress was continuous and did not materially change 
until 1899, when the first central ligulate florets appeared. 
Then it took a leap, all the offspring of this plant having 
more or less double flowers. More strictly speaking, 
the leap had already taken place, the plant with the first 
central ligulate florets (Fig. 33) having already crossed 
the threshold. Its offspring behaved like the offspring 
of a pure race, such as for instance C. inodorum plenis- 
simum. 

A break therefore occurred, and obviously before 
18W; either in the origin of the seeds of 1898 from 
which the plant in (jiiestion arose, or even earlier. 

i\nd since C. inodorum plenissimum lias maintained 
itself for many years without selection, it is probable 
that the new C. segetum plenum will do the same. But 
the reverse was the case with the maize which reverted 
to the old form within a few years after the cessation 
of selection (Vol. I, p. 125). 

Hitherto I have taken the numlier oi ray-florets in the 
terminal inflorescence almost exclusively as a character 
of the whole plant, and the curves liave l)een plotted 
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from the figures obtained in this way. But there is, as 
we have already seen, another method of estimating the 
individual value of a plant, namely that based on {i de- 
tennination of the mean chararter of as many flowers 
as possible ou a single individual, I'his raises two ix)ints 
for consideration : first the mode of branching of the 
coH'i marigold, and secondly the influence of the devia- 
tion of the individual fnjin the mean of its race. 

The mode of branching in Chrysanthemum segetum 
is as follows. The main stem which arises from the 
pinninlo l)ears two groups of branches; strong ones at its 
l)asc from the axils of the radical leaves; and, higher up, 
weaker ones whose vigor first gradually increases and 
tlicn decreases, as they succeed one another from below 
upwards. This ai)plics Ixnh to their length and to the 
numl)er and strength of their secondary branches. These 
second.ary branches are, therefore, of the third order; 
they often bear branchlets of the fourth and ev^n of 
the fifth order. The flowers that bloom in July, with us, 
at*e mostly of the second order, those blooming in August 
and Se])tember of the third and fourth. 

In the course of the summer, and with the flowers 
on the successively higher orders of branches varialnlity 
is seen to manifest a genera! decrease. The sides of the 
curve are, so to speak, drawn in; the curve itself be- 
comes narrower. The amount of deviation of the various 
individuals from the mean (»f the race decreases, and 
the mean consequently comes to stand out more boldly. 
This is of es])ecial importance in cases in which a curve 
has l^en shifted laterally by stringent selection (such 
as Fig. 32, p. 181) where it might remain doubtful wliat 
the shape of the curves w(nild have been if selection had 
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effected nothing more than the isolation of the individ- 
uals of the new race. 

We have therefore to examine the “late summer” 
curves of the l3-rayed, 21 -rayed and double races. Let 
us begin with the first. 

The extreme limits of the curve of this race at the 
Ixiginning of August were 11 and 21 ray-florets. These 
numbers gradually decreased until September, when only 
heads with 13 and 14 rays were formed. In the next 
year at the end of July the limits were 10-19, but in 
August 12-14. 

I examined the 21 -rayed race, with reference to this 
character, in the summer of 1 898, dealing with the indi- 
viduals which had been saved for seed. The data for 
three of the plants^ are summarized in the following 
table : 


PLANT 

FLOWERS 

nitmber 

MIN. 

MED. 

MA? 

A. 

Terminal 

1 

— 

48 

— 


September 1st 

32 

29 

33 

45 


October 10th 

42 

18 

27 

36 


November 1st 

28 

19 

26 

31 

B, 

Terminal 

1 

— 

35 

— 


September l&t 

36 

24 

28 

36 


October 10th 

33 

16 

22 

27 


November 1st 

23 

IS 

21 

25 

C. 

Terminal 

1 

— 

46 

— 


September 1st 

14 

26 

28 

35 


October 10th 

18 

18 

26 

30 


November 1st 

8 

21 

23 

28 


We see that the numbers gradually shift in the direc- 
tion of the maximum at 21 (in the case of one plant 
actually reaching it), without any indication of the max- 
imum at 13 of the other race. The plants dealt with, 
therefore, clearly belonged to the 21 -rayed race. 

’ Over het periodisch optreden dcr anomaHen op monstreuse 
planten. Kruidkundig Jaarboek, Gent, XI, 1899, pp. 57-581 
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This was apparently no longer the case in the follow- 
ing summer. The following are the records of five 
plants taken in late summer: 



aERMINAL infl. 

MIN. 

MED. 

MA3 

A 


33 

39 

50 

B 

55 

3i 

42 

50 

C 

51 

37 

47 

54 

D 

50 

33 

51 

GO 

D 


33 

40 

51 

E 

66 

3S 

47 

62 

E 

— 

32 

43 

52 


IV dUil E' were counted 6 weeks later on the same 
plants as D and E. The plant E is the seed-parent in 
Fig. 32, p. 181, under 1899, marked with a X- The 
figures may he regarded as the expression of a tendency 
to fall back on the secondary maximum at 47 (— 13 -f- 
34), and the same result was reached by the other count- 
ings, which it is not worth while to reproduce here. 

In the following year (1900) the maximum of the 
lateral inflorescences was still higher. I give the data 
derived from three plants which were “double” and con- 
sequently sterile, and of the four next best which were 
chosen as seedparents. 



MIN. 

MED. 

MAX. 

Sterile 1. 

72 

87 

100 

II. 

48 

62 

94 

III. 

46 

56 

79 

Seed -parent I. 

47 

63 

76 

II. 

51 

62 

91 

III. 

44 

60 

94 

IV. 

46 

56 

86 


The curve of the “double” race thus seems to have 
its maximum at about 55 (=21 + 34). The possi- 
bility of attaining higher mean numl)ers seems to be 



194 Obsen^ation of the Origin of Varieties. 
excluded by the sterility of the more perfectly double 

L( t us now briefly summarize the results of this ex- 
jxirimcnt. There is, on the market, a 21 -rayed race of 
the normally 13-rayed Chrysanthemum segetum. It is 
not strictly pure, but can easily be made so ; it bears the 
name C. segetum grandiflorum. From a plant which, 
in 1895, caught my attention by a few 22-rayed lateral 
flowers, I succeeded in raising, by a process of selection, 
a hithertf) unknown race with double flowerheads, the 
new C. segetum plenum (Plate II). The course of this 
l)rocess is exhibited in Fig. 32, p. 181, in which the 
X X X X indicate the individuals selected as seed- 
parents for each succeeding generation. C. segetum 
plenum beliaves with regard to its double character, 
exactly like the doulJe commercial varieties of other 
species of the same genus (C. inodornm, C. indicum etc.). 

The new variety was therefore obtained by bringing 
to light a character latent in C. segetum grandiflorum. 

§ 19 DOUBLE FLOWERS AND FLOWERHEADS. 

The experiment descril)cd in the foregoing section 

18) justifies an attempt to form some conception of 
the manner in whicli this phenomenon of “doubling,” 
which is widely distributed among cultivated composites, 
may have arisen in other cases. If we examine the facts 
closely we shall discover in the majority of cases an 
extraewdinarily close agreement with our own specimen, 
at least so far as the absence of scientific observations 
admits the iiossibility of a comparison. 

There are, it is true, certain abnormal types of “doub- 
ling," such as the development of secondary flowerheads 
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(Cineraria), the trt»nsfonnation of the little yellow disc- 
florets into long white tubes (Pyrethrum, see Fig. 36) 
etc. We shall however leave such cases out of considera- 
tion; they may be regarded provisionally as cases of 
spurious doubling. 

The genuine “doubling,” on the othtr hand, as ex- 
hibited by the most diverse species, presents a very 
marked agreement with the conditi(>ns found in C/trv- 
santhcnium scyctum. Indications of a tendency to “doub- 
ling” occur both in forms of which a double variety is 
not offered by seedsmen and in those of which such 
are already on the market. For instance in 1892 I oh- 
served occasional tube-florets more or less completely 
transfonned into ligulate florets in a culture of Bidcns 
yrandi flora in my garden. In other cases the variation 
is only seen when curves are plotted. For exam])le I 
obtained the following very asymmetrical curve from 
a culture of the single variety of Chrysanthemum coro- 
nariunu a favorite garden plant whose double form 
has long been known (Fig. 35). 130 flowers on 25 

plants of a single crop were recorded, the flower at the 
top of the main stem and those on the i)rimary branches 
alone being taken into account. I found : 

Lijjulate florets 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

Inflorescences 1 0 1 2 2 12 25 19 21 IS 14 6 7 2 3 

That is to say, 18 on one side of the mean and 87 on the 

other, with a faint indication of a second maximum at 
the next figure in the Braun-Schimper series, 21. It is 
clear that tlie double variety of this species .ould prob- 
ably l)e obtained from these plants, exactly in the same 
way as in C. segetum. 

These considerations evidently lead to the hypothesis 
that the secondary maxima on the positive side of Lim- 
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wiG^s ray-curves^ may also indicate the existence of a 
latent character, which, if it could be made active, might 
p<Tlm}>s give rise to the double variety of the species. 

If we now examine the double varieties of the com- 
lK)sites, we see that the structure of their inflorescences 
corresponds in every detail with that of Chrysanthemum 
segetum plenum. The amount of doubling is always 



Fig- 35- Chrysanthemum coronarium. 

highly variable. The l^est cases reveal no tube florets 
as in the case of Chrysanthemum inodorum in l^^ig. 34, 
]). 184. But if one looks between the ligulate florets 
small yellow tubes will l)e found in no inconsiderable 
quantity. This is true of Calendula officinalis and many 
other species. Such flow^erheads are usually sterile, for 

'May not the secondary maxima on the negative side similarly 
indicate the variety without ray-florets, the Vat. discoidea (See §8 
pp. 78>79 and Fig. 9 . P- 8 o). ^ * 
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the ligulate florets are female, and inasmuch as very 
often all the flowerheads on a single plant attain to this 
degree of doubling the best variants cannot serve as 
seed-parents. But two further ty|K\s are always found 
with yellow discs which are either uniform (Fig. 34A) 
or contain scattered ligulate florets anior.gsi the tubular 
ones, as is so often seen in Chrysanthemum indicum and 
Zinnia elegans. The double BelHs perevnis also, if grown 
from seeds, is highly Yariabl»^ in tins resj^ect. These 
two types are feitile and therefore constitute the seed- 
parents of the variety; if the plants with central ligulate 
florets ^see p. 185) furnish sufficient seed the harvest 
is savtd exclusively from them; but they often set little 
or hardly any seed. 

"riiis unavoidable restriction in the choice of the seed- 
parents and the freciuent difficulties of selection depen- 
dent on it account for the fact that Innight vSainples of 
the Seed of double composites often give rise to only 
a relatively small proportion of the desired type, as has 
long been known ^ to be, and still is, the case (Chrysan- 
themum coronarium sometimes only 50%, Centanrea 
Cyanns 40-50%, Tagetes africana with rare exceptions 
double etc.).^ 

Afany double varieties of composites seem to l)e al- 
most as old as horticulture itself f See Vol. T, p. 183). 
According to the oldest accounts the degree of doubling 
and the range of its variation were formerly the same as 
now. 

Finally 1 have to mention the fact that In.fl- and sec- 
torial variations are found in this case as well as in others. 

* E. g., Pyrethrum roscum, Dahlia, Chrysanthemum indicum, ac- 
cording to Verlot, Production et fixation dcs varictes, 1S65, p. 83 

*See the catalogues of Benary, and Haage & Schmidi of Er- 
furt, Veitch & Sons of London and Sutton & Co. 
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I refer to a very beautiful instance of the latter (Fig. 36) 
which I owe to the kindness of Mr. Ernst H. Krelage 
m Haarlem. 

The origin of double flowers in other groups of flow- 
ering plants has probably occurred on similar lines with 
that of double inflorescences. I restrict myself to a con- 
sideration of doubling by the transformation of stamens 
into petals, that is, the petalody of the stamens, referring 
the reader for an account of the other types of doubling 
to Goebel’s well-known monograph.^ 

Occasional petaloid stamens occur fairly commonly 
both in culture and in nature; they are so well known 
that it is not necessary to cite special instances. The 
curve which represents this variation is unilateral, indi- 
cating thereby the existence of a latent or semi-latent 
character.^ The attempt to render this active may be 
made, and if it succeeds*^ the origin of a double variety 
may be expected. 

Double varieties of this kind tend to vary in the same 
way as those of composites. If, for instance, the com- 
mercial Varictatcs plcnac of Clarkia pulchella, Clarkia 
elcgatis. Phlox Drunimondi and others are examined, 
almost all the intermediate stages l>etween nearly hemi- 
spherical double flowers and flowers with normal sta- 
mens are met with. In such cases it is usually obvious 
that favorable conditions tend to increase ‘‘doubling,” 
a fact which has been known for a long time in the 
case of ,f)jtJient!s nobilis, of .some species of Narcissus, 

* K Goebei . Bcitrd^c sur Kcnntniss gefulltcr Bliithen, in Prings- 
ueim's Jahrb. f. wiss. Bot., Vol 17, 1880, p. 207. 

* Vehcr halbc Galtok-Curvcn aJs Zcichen discontinuirHcher Varia- 
tion. Bcr. d. d. bot. Ges., Vol. XII, 1894, P i 97 * 

" Which is, however, by no means always the case. See the ex- 
periment with Ranunculus bulbosus in § 23 of this part. 
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and other bulbout: plants.' There is a certain periodicity 
in this case too ; for sometimes the first, but more usually 
the later, flowers are less double than those which bloom 
in the height of the flowering period. This fact is well 
known to breeders/*^ especially in the case of certain 
double varieties of Begonia in which seeds can only be 
sa^^e(l from the autumn flowers. 



I'jft 36. Pyrethrum roscum, from the nursery of Messrs. 
Kkelage & Son in Jlaarleni In one half (the 

rear half in A, the left m R) the inflorescence is made 
“double” by the elongation of the tube-florets; in the 
other half it is “single.” A, oblique \iew; B, section. 


The majority of double varieties are constant from 
seed, even in the case of trees and shrubs (varieties of 
the peach and the apple for instance),*'* others appear to 
be only slightly so, and others not at all i Prunus spi- 

^ Lindley^ Theory of Horticulture, p. 333(, 

*Carri^re. Production et fixation des varieti$, 1865, pp. 66 and 
67 {Camellia alba plena, incarnata, fuchsia, etc.). 

*Verlot. he . cit ., p. 83. 
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nosa).^ For instance, 80% is the figure given for Dian- 
thus Caryophyllus? and double varieties of Campanula 
are said always to produce a certain number of single 
plants. In^the case of double stocks one may reckon on 
between 50-60% double offspring according to the treat- 
ment and selection of the seed. Pot culture favors ‘‘doub- 
ling.”3 

The transformation of stamens into petals often goes 

so far that no pollen is 
formed. When this oc- 
curs the stigma of the 
double flower must be 
fertilized with the pol- 
len of a single flower 
or left to be pollinated 
by insects. The result 
is that the race gives 
rise to both forms every 
year. For instance Pa- 
paver nudicaule auran- 
tiacum plenum jthe seeds 
of which give rise to 
between 40 and 60% of 
double- flowered speci- 
mens every year. It is 
the other way round 
with the double Petunia whose capsules are usually mal- 
formed ; but they develop a few stamens, with the pollen 
from which the stigmas of single flowers are dusted, 

‘ Ibid, 

* Seed cataloRiie of D. Sachs, QuedlinburR, 1890-91. {Dianthus 
Caryophyllus c, A. Margaritae, novelty 1889} , 

* Chat^;, Cultufe pratique dcs GtroAecs. Nobbe, Botaii. Central- 
blatt, Vol, XXXII, 1887, p. 253. 



Fig. 37. Anemone coronaria, “The 
Bride." Double on one side, single 
on the other. From the cultures of 
Messrs. E. H. Krelage & Son of 
Haarlem. 
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preferably after castration. The seeds collected after 
this operation are said to give from 25 to 40% double 
plants the number varying di^^ctly with the care with 
which the castration was earned ou^. 

Double flowers are also subject to sectorial and bud- 
variation, A chestnut tree {Aescuhs Hippocastanum) 
at Geneva, a single branch of \ hich has l)orne double 
flowers for many years, ^ is perhaps the \yesi known ex- 
ample of the latter, whilst our hig. 37 gives an interest- 
ing case of the former. It is a flower of the pure white 
Anemone coronaria, “The Bride,'’ which, like the /V 
rcthruuL 1 owe to the kindness of Mr. Krelage. It grew 
in a bed of the single variety: the plant whidi bore it 
had exclusively single flowers with the exception of 
this one. On the one half there were stamens only, as 
is shown by the figure; in the other half, however, the 
vast majority of stamens were transformed into narrow 
petals, just as happens all round the stigma in the double 
form. The single variety frequently exhibits more or 
less definite traces of doubling, and from these Messrs. 
Kkelace have succeeded in producing a double sort and 
putting it on the market. But a sectorial variation like 
that figured has only been observed once in the coiirse 
of many years. 

§ 20 THE ORIGIN OF LINARIA VULGARIS PELORIA. 

About teti years after the api>earance of the first 
edition of Darwin’s Origin of Species fM59) Hof- 

*A. P. DE Candolle, Physiologic v^gitale, 1832, II, p. 479, and 
Alph. de Candolle, Geographic botanique, 1855, II, p. 1080. This 
tree stood in the garden of M. Saladin de Bud^ near Geneva. Many 
cuttings made from the double-flowered branch have been distrib- 
uted 
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METSTER wrote the following words at the end of his 
account of pelorias.^ 

"One of the most remarkable features of the varia- 
tions of plants is, without question, the sharpness and 
suddenness of the origin of profound deviations from the 
normal form of structures such as we see it in the phe- 
nomena just considered, in many analogous cases, and 
especially in the formation of monstrosities. The new 
form does not come into existence by tlie gradual sum- 
mation of small deviations in one direction, during suc- 
ceeding generations; it appears all at once, perfectly 
distinct from the original form.” 

This highly important and perfectly correct state- 
ment rests even now simply on the absence of transi- 
tional forms, and does not rest on direct observation. 
If the peloria had originated by a gradual ])rocess it 
would be reasonable to suppose that at least in some of 
the relatively numerous instances the intermediate steps 
would have been found; but as this was not the case it 
was concluded that they did not exist and therefore that 
the origin of the variety had been immediate.- 

But it is hardly necessary to point out that nothing 
short of direct observation can furnish the final proof. 
Direct obvServation will moreover inaugurate a new stage 
in the study of this remarkable phenomenon, by making 


^W. Hofmeister, Allgcmelne Marpholo^ir der Gew'dchse, 1868, 
P- 564 

*On the pelorias of IJnaria, especially of L. spuria, see H. 
VcKHTiNG, Ueber Bliithmanomahen, Jahrb. fur wiss Botan., Vol. 
XXXI, No. 3, 1893, h. JosT, Bluthenanomalien bet Linaria spurta. 
Biolog. Centralblatt, Vol. XIX, 1899, p 145. Also J. H. Wakker, 
Over peloricn, Ned. Kruidk. Archief, Vol. V, p t, July 1889, with 
Plate X. P. VuiLLEMiN, Monstruosites chez le Linaria vulgaris, 
Bull. Soc. Sc., Nancy, Dec. 1893, with one plate (Vol. XIII, 18^^, 
P« 33 )- W. and A Bate.son, Oh Variations in the Floral Symmetry, 
Journ. Linn. Soc. Bet., Vol. 28, 1871, p. 381. 
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accessible to investigation the mode of its api>earance 
and the external causes to which it is due. 

For these reasons I have endeavored to induce the 
occurrence of the Peloria from the ordinary form in my 
experimental ^arden. It is obvious that the success of 
such an exixjriment, at least at first, is dependent on 
chance. This chance however can be favorer] by making 
the cultures as extensive as {K^s-^ible, and by widely vari- 
able crmrlitions of life. Forlnne has favored me, and 
after seven years’ work inv 
bjeci lias been attained. 

The Prhu'ia appeared quite 
suddenly in the fifth anrl 
sixth generatir^n of my 
culture. 

The signification of 
my ob'-'ervations will f)e 
more ])roperly understood 
if T premise my account 
of them with a short gen- 
eral and historical account 
r)f the suliiect, referring vulmris. 

® C, I), IVlonc flowers. 

the reader for the litera- 
ture to the following section (S^l) and to Pknzig’s 
Tcraiologir.^ 

Peloric flowers in Linaria vulgaris- were fust dis- 
covered, as is well known, in 1742 by Zioiierg on an 
island near Fpsala and described by LiNN/iars in the 

^O. Penzic, PHanzen-Tcratologic, Vol. II, p 195. 

“The Pclorias have five spurs: Pchfin ncctaria. But there is 
also a Peloria ancctaria in which the flowers arc regular hut without 
'jpur-i. See Penzic., loc. cit , and Verlxjt, Production des varicth, 
p go This variety is nearly sterile, setting very little seed, but it 
breeds true. 
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Amoenitates academicac.^ The plant grew there together 
with the ordinary Linaria and formed a “constant” race 



Fig. 39. Linaria vulgaris peloria, A riculy branched stem 
of a plant of the second p;eneration. Raised in 1898 from 
seed of the first generation of 1897 and photographed in 
August 1900. All flowers are pcloric. 

through propagation by the buds on its rwts. All the 

flowers of this plant were peloric (as in Fig. 39). Lin- 

Mmorw. acad., I, p. 55, p. 280 (1744)* See Moquin-Tandon, 
PHansen-Teratologic, 1842, p. 170, and Hofmeister, loc. cit, p. 563. 
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NMVS described this form, which was new then, under 
the name oi Peloria, derived from the Greek a 

monster. 

It was not till later that the occasional occurrence of 
isolated peloric flowers on the ordinary Linaria vulgaris 
was noticed. Moreover in the 
course of time further speci- 
mens of the true Peloria. 
found scattered over most of 
Europe. 

Such ])lants have been 
brought into cultivation by 
many investigators. 1 hey 
liave remained constant and 
could l)e propagated by means 
of tlieir numerous radical 
buds. Tn tlic occasional cases 
in which the plants apparently 
reverted to the one-spurred 
form it is possible that some 
roots of the ordinary L. vul- 
garis were accidentally trans- 
planted amongst the roots of 
the peloric specimen. So many 
descriptions of the flowers ex- 
ist that I think it is hardly 
necessary to repeat them. In 
Fig. 39, however, will be seen normal flowering stem, 
a freely branched specimen of our plant. I have also 
given a figure of a spike of the ordinary Linaria vulgaris 
in Fig. 40, for the sake of comparison. 

The common opinion of those who have worked with 
the Peloria is that it is in a high degree sterile. The 
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pollen is poorl} developed and the capsule is practically 
atrophied ; but not to such an extent that fertile seeds 
are never produced, as some investigators seem to think, ^ 
for some attempts to harvest seed have been successful. 
WiLLDENOw records an experiment in which such seed 
has given rise almost exclusively to peloric plants.^ 

The Fcloria, or Linaria vulgaris pcloria is character- 
ized by the fact that all its flowers are peloric. This 
character is, it is true, subject to considerable fluctuating 
variability, especially in the number and degree of devel- 
opment of the spurs. But I never found normal one- 
spurred flowers amongst them, although since 1894 I 
was able to obseivc in my cultures several Inindreds of 
|K*loric flowers exery year, and in favorable years even 
many thousands of lliem. 

Resides this Pcloria, as already stated, there are some- 
times found on the ordinary Linaria vnlgaris isolated 
peloric structures, which are subject to a high degree of 
fluctuating variability (Fig. 41). The most usual case 
is a single flower on a plant which does not bear another 
afterw’ards during the whole course of the summer. 
Sometimes I found 2 or even 3 peloric flowers on the 
same plant, both in the wild and in tlie cultivated state, 
btit seldom a larger number It often happens that an 
individual wdiich has produced the ahnormality in its first 
vear will not produce a single one In the second, although 
it branches more freely and bears many more flow^ers; 
on the other hand the abnormality sometimes reapf)ears. 
Such isolated pelorias are not limited to any particular 
|X)sition although in my garden they usually occurred 

* Verlot. Production et dxation dcs vnrict/s, p. oo. 

■* I)e Canoolle. Physiidogic xrgetah, IT, [> 602 My experience is 
in full agreement with that of \Vii.i oEvruv ( See p 216) 

® See Penzic., he cit . p fQ5 
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on tl»e highest lateral twig l)elow the main flower- 
spike. 

The question suggests itself. Is the power of pro- 
ducing isolated peJoric flowers inherent in all plants of 
Linaria vulgarisl Or are there two races, one with and 
one without this faculty? This <jneslion seems not to 
have been investigated as yet. 

I'rom the observations rJreadv 
described it must be concluded 
that this point can Tie\er be de- 
termined in the field, for the 
absence of the abnormality on 
particular days, or even in par- 
ticular years proves nothing in 
itself. Personally I think it 
likely that both kinds exist and 
tlint lliere are localities for Li- 
naria vulgaris in which these ab- 
normalities are never found. 

Holland however is not one 
of these. By paying attention 
to tliem when out on an expe- 
diition, one will find isolated pe- 
loric specimens fairly frequently 
and in the most diverse localities. 

When I wanted a specimen to 
]>hotograph for an illustration (Fig. 41), I asked my 
wife to look for one in the neighborhood, and it was 
not long Ixifore I had one. The power to produce them 
is, therefore, widely distributed in this country; and 
also obviously heritable although in a latent state as a 
rule. Whether or no there are localities in which this 
character does not occur, I cannot tell. 



Fip. 41 . Linaria vulgaris 
hcmipcloria. Hrancli of 
a normal fl(»w(Ted plant 
with a single peloric 
flower. Zandpoort, Aug. 
igoo. a, normal one- 
spurred flower, b, a Pc 
loria. 
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So long as it is not certain whether a Linaria vulgaris 
apeloria exists, I propose to call the plants with this power 
provisionally L, vulgaris hemipeloria (Fig. 41). This 
name of course refers both to those plants on which iso- 
lated peloric* flowers have been observed, and to their 
offspring. 

Cases of true Pcloria (Fig. 39) are also occasionally 
seen in this country in the wild condition. A few local- 
ities for it are recorded in the Floras. I myself had 
some plants from a spot near Zandvoort in 1874, but 
since then it has not l)eeii found there again. Only one 
new locality has since l:)ecome known to me, and this 
was near Oldenzaal ( 1896). It is of course not known 
whether the Pcloria occurred spontaneously in these var- 
ious localities and had not been introduced from else- 
where, but its high degree of infertility makes the likeli- 
hood of such an introduction very remote. 

For the purposes of my experiment I transplanted 
some plants from the country into my garden in the 
summer of 1886. I selected plants with occasional pel- 
oric flowers and freed their roots as carefully as possible 
of fragments of roots whose connection with the hemi- 
peloric plants was not absolutely certain. The plants came 
from Gobiland. I also collected, at the same time, the 
Linaria vulgaris with Catacorolla} and obtained the 
three-spurred variety ( see § 8. p. 87> from Dr. Wakker. 
These three forms flowered together in the following 
summer in my garden. 

In 1888 I sowed the seeds which I had collected in 
1887, to produce the second generation, but the plants 
did not flower till 1889 and again in 1890. In the first 
year a single i)eloric flower was produced amongst in- 
Chapter II of this part. §4, p. 31, 
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numerable flowers witli a single spur ; in the second year, 
however, iwo appeared, I collected the seeds of these 
plants in 1889. 

From this I raised* the third generation in 1890. Here 
again the plants did not flower till the second year, and 
again there was one case of a Peloria amongst thousands 
of normal flowers. I harvested the fruits of this ^>eloric 
plaiit separately and it furnished me with sufficient seed 
for the culture of 1892. 

This year I adopted the plan of sowing the seeds in 
pans, containing good garden soil, in the greenhouse of 
my laboratory. Hitherto I had simply sown the seed in 
tlie bed, for which method, however, a much larger 
quantity of seed is required. The seedlings were planted 
out singly in pots containing richly manured soil as soon 
as they began to develop a hypocotylous bud ; then they 
were kept under glass, and were not transferred to the 
open bed until June. The result was that they not only 
flowered in the first year, but did so very luxuriantly. 
There were about twenty individuals in all. On one 
of these I saw a single pefodc flower at the of 
August, In the autumn I piflted aU tlie excq)t 
two, one of which had exhitutod 
plants flowered in the following year in complete 
tion, a profusion of flowers being borne on the freely 
Iwanched stems, but they did not then develop a single 
|)cloric flower. They produced 13cc of seeds, an abun- 
dant harvest. T sowed a small proportion of this in the 
folhnving year, and as it gave rise to the Linaria vul- 
garis peloria I was looking for, I sowed the rest in 1896, 
and some again in 1899. 

Before we proceed to give an account of this main 
section of the experiment let us briefly summarize the 
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results obtained in the years 1886-1893. They com- 
rnse four generations, each of which produced only 
^>ne or two peloric flowers amongst thousands of normal 
ones. The anomaly, therefore, seems to recur every 
year and is obviously due to the existence of some her- 
itable semi-latent potentiality which only very seldom 
bec^'iiies active. 

1'his result of the experiment supports the conclu- 
sion based on tlie repeated occurrence of isolated peloric 
ficjwers in nature. Linaria vulgaris hcmipcloria is thereby 
shown to be a heritable form. The question whether 
it is identical with Linaria vulgaris itself, or constitutes 
a variety or a race of this, cannot be answered for the 
])resent. From it my L. vulgaris pcloria arose, as I shall 
now show. 

In order to make this part of my experiment more 
easily intelligible I shall first describe it in the form of a 
pedigree. This contains the four generations already 
dealt with, and two further ones of the Hcmipcloria 
(1-6), together with the first, second, and third genera- 
tions of wliolly i)eloric ])lants (I-III). The meanings 
of the abbreviations are: 

// and If: Liuana vulfiatis hemipeloria. 

p: “ “ 1st generation. 

“ “ “ 2d and 3d generations. 

Wherever necessary the numl>er of plants is prefixed 
to these letters either in absolute numbers or in percent- 
ages. For the fifth and sixth generation I have, as will 
l)e seen, made repeated sowings in various years. The 
sign (-) means that the examples in question were the 
same as in the previous year, and bore seed a second 
time. Finally I have denoted by H the two plants of 
1893 wdiich in their second year produced the seed from 
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which the L. vulgaris peloria first arose. These H plants 
were therefore the parents of »‘^he p'jloric race. 


PEDIGREE OF THE ORIGl.I OK L.NARIA VULGARIS PELORIA. 
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We will begin the further account of the experiment 
with the parent plants (H) of the peloric race (1893). 
/Vs I had not of course observed anything extraordinary 
uj) to that time I only sowed a little of its seed. This 
was done in pans in the greenhouse; the young plants 
were transferred into pots with manured soil until they 
were planted out in June. As a result of this treatment 
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they all flowered in the first year,— 58 plants in all, of 
which 45 were dicotylous and 13 tricotylous. Amongst 
the rjjcotyls there were eleven plants, each of which bore 
one, two, or .three peloric flowers, while in one case a 
peloric flower replaced a whole raceme. Amongst the 
tricotyls I did not find any such flowers, partly because 
the majority of these were removed by the middle of 
August; but there appeared amongst them one plant 
which bore peloric flowers exclusively on all of its stems 
and their branches. It bore no seed in spite of repeated 
careful pollination, partly with pollen from the neigh- 
boring plants ; it survived the winter and flowered freely 
in the following year, again producing exclusively peloric 
flowers. 

1'his experiment seemed to suggest that the Peloria 
arose from the hemipeloric parent in a proportion of 
about l-2^,^». So in order to obtain closer knowledge of 
this pro])ortion, I made a larger sowing in 1896 from 
,the same lot of seed, and was able to plant out about 
1850 seedlings in pots. By the middle of July some 
wholly peloric individuals had appeared, which were 
promjnly taken up and transferred to a remote jpart of 
the garden. The further examples of Peloria which 
appeared from time to time, were planted beside them. 
By the middle of August all healthy plants were in 
flower and were recorded. There were altogether 16 
totally peloric plants and 1759 with ordinary flowers, 
and here and there occasional peloric structures. This 
gives a total of 1775 plants which flowered, of which 1% 
(strictly speaking O.Q^r) belonged to the new peloric 
variety. 

For the harv^est the flowers of the best peloric plants 
were enclosed in parchment bags and each fertilized with 
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the pollen of another peloric plant. I also selected a 
beautiful hemipelovic plant which bore a profusion of 
flowers, one of the earlier of v^hich was ix;loric. It set 
a quantity of seed afte.^ self-pollination.^ 

I repeated the experiment in 1899 with the rest of the 
seed of the parent plant H, and obtained the same result, 
as was to be expected. I raised slightly over 300 flower- 
ing plants, of which 3 were wholly peloric; that is to 
say, a proportion of 1% again. I observed on the re.st 
a certain number of stray peloric flowers during the 
course of about two months. 

These three cultures constituted the fifth generation 
of niy experiment. The sixth generation theretore could 
be raised from the seeds of the hemipeloric plants in it. 
1 did this partly in 1895 from the plants of 1894, and 
partly in 1897 from those of 1896. The plants which 
Ix^re the seed had flowered in bags and had been fertilized 
partl}^ by their own pollen and partly by pollen which 
I had transferred from one seed-parent to the other. 

In both cases the mutation was repeated. Wholly 
jx?loric individuals again arose from hemipeloric ances- 
tors, in spite of the smallness of the crops occasioned by 
the poorness of the harvest. 

In 1895 I raised 17 flowering individuals from seeds 
of the dicotylous plants mentioned on page 559; two of 
them were wholly peloric, all their flowers being of this 
type. In 1897 I sowed the seed of the fine hemipeloric 
plant of 1896 referred to above, but obtained only 7 
flowering individuals, one of which again, however, was 
wholly peloric. 

I come now to the consideration of the question a.s 

* This frequently fails in Linaria vulgaris, but sometimes succeeds 
mure or less completely on very vigorous plants. 
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to whether the mutants are immediately constant from 
seed An almost insurmountable obstacle in the way of 
providing an answer to this question is the low fertility, 
or rather the almost complete sterility, of the peloric 
flowers. Practically no results can be obtained with 
' self-pollination, and when artificially fertilized with one 
another s pollen the majority of the flowers set no seed. 

[ have pollinated thousands of flowers in the course of 
several years, only to obtain a little over one hundred 
fertile* .>eeds. Under these circumstances it is obviously 
difficult to avoid mistakes ; stray pollen grains may happen 
to reach the stigma from distant groups of normal plants, 
by the agency of insects, or in the operation of artificial 
pollination.^ These circumstances evidently tend to in- 
validate the conclusion in cases in which the abnormality 
would seeiri to be incompletely inherited. 

Only three of the wholly peloric i)lants of 1896 set 
seed in that year. From this seed only 8 plants were 
raised ; five of them had one-spurred flowers and 3 were 
wholly peloric. I ke])t the peloric plants of 1896 through 
the winter, and took much trouble in 1897 in the attempt 
to fertilize their flowers. F.verv other day I pollinated 
all the o])en flowers with ])ollen from two other seed- 
parents. I obtained a very small quantity of seed most 
f>f which was empty (0.2 cc). About 100 seeds ger- 
minated, but some of the young plants were so weak 
that they soon died. 79 plants flowered most of which 
were very vigonms and branched freely: 75 were wholly 
peloric, and 4 normal, the latter being removed as soon 
as ]x)ssible. I'he former exhibited great variability in 
the structure of theii flowers, hut did not produce a 
single one-spurred corolla. During July and August they 
'Such crosses give normal one* spurred individuals. 
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filled an entire bed of over 3 square meters in extent, 
with hundreds of vigorous spikes which bore exclusively 
peloric flowers. 

I again obtained only a very small harve st from this 
bed (0.3 cc) ; it was the result partly of artificial and 
partly of insect pollination, the plants flowering in suffi- 
cient isolati(4i. Very few of the seeds genninated (1899) 
and only 32 plants flowered ; 28 of them were peloric 
but 4 were iioiinal. 

The progeny of the peloric race was therefore a mixed 
one, in the three experiments which were continued over 
two g(‘nt rations. It consisted altogether of 3 + 75 + 28 
~ 106 peloric and 5 + 44-4=13 normal (including 
hemipeloric) individuals, a total of 119 with about 10% 
atavists, Willoenow (see p. 206) also found the i)eloria 
cliaractcr inherited, though incompletely. As already 
stated, however, insufficient isolation may have played 
some part in bringing aknit this result, but hardly to 
such a degree that we might infer from our experin ents 
that the peloria comes true. 

If we now look back over this experiment, which 
occu])ied 13 years, its result may be summarized as fol- 
lows . 

1. Linaria vulgaris hcwipcloria is a race with an in- 
herited semi-latent character, which manifests it- 
self from time to time among thousands of flow- 
ers, but seldom in more than onx instance on a 
plant. It is widely distributed in the wild state. 

2. From it the Linaria vulgaris peloria may arise 
but the conditions under which this happens are 
not yet understood. 

3. This origin is a mutation : it takes place suddenly, 
and without any visible preparation. Especially 
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in those individuals from the seeds of which the 
mutation arises the latent character is not more 
highly or more often developed than in the rest 
of the race. 

4. Th€ mutation is repeated in successive genera- 
tions. I observed it for two years, but did not 
follow it further. 

5. The mutation occurred in about 1% of the indi- 
viduals. 

6. The new cliaracter was exhibited by the mutants, 
in a full state of development, in all their flowers ; 
although it was subject to considerable fluctuating 
variaijility. 

7. The mutants are to a large extent, perhaps even 
perfectly, constant from seed. The intensity of 
inheritance observed was about 90%, but it is 
probal)ly more. 

5 ^ ★ ★ 

Let us next sec how these results can be applied to 
the exj)lanation of the occurrence of the Pcloria in the 
free state. Wholly peloric plants have been found wild 
by numerous botanists and in the most diverse localities; 
but, so far as the published information extends, always 
as rarities. They maintained themselves during a larger 
or shorter ix?riod of years by means of their radical buds, 
perhaps produced some scanty seed but could not spread 
nor reach new localities by this means. They must there- 
fore have originated in each case in the spot where they 
were found. 

I imagine that this origin is detennined everywhere 
by the same general law’s, and thence conclude that it 
occurs in the wild state in the same manner as in the 
particular case observed by me, i. e., from Unaria vnU 
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garis hemipeloria, and always stiddenly. The very gen- 
eral occurrence of this race and the fact that intermediate 
foniis between it and the full}'' developed Pcloria have 
never been mentioned b> botanists, give support to this 
hypothesis 

If this view is correct we have here a muiation whicli 
is not limited to a period but continues to appear from 
time to time during the course of the ages. Its api^ar- 
ance in every single case is independent of the others, at 
least so far as external conditions are concerned. In 
this sense it is polyphyletic. 

A jM^mt which favors this view is the fact that it is 
not a ineinber of a definite grouj) of mutations as are the 
subspecies of Draba verna, J^iola tricolor and others. 
IJnaria vulgaris, it is true, frecpiently gives rise to other 
kinds of variations such as the Pcloria ancctaria and the 
Catacorolla, both of which have occasionally a])peared 
in my own cultures, but nothing is on record concerning 
the relation between these and the Pcloria ncctaria which 
I have studied. 

1 f we compare these results with those which we have 
described abov^e for Autirrlnniun majus striatum (§ 14, 
p. 134), we see that Linaria vulg. hcmipcloria is obviously 
a half race; and that L. vulg, pcloria, whose partial con- 
stancy seems analogous to that of the striped snapdragon, 
may perhaps be regarded as parallel to this. These two 
races fluctuate so as to approach one another, so to speak, 
occasionally overstepping the common boundary either in 
single flowers {L. vulg. hcmipcloria) or in whole plants 
(L. vulg. pcloria). 

♦ ♦ ♦ 

We now come to the most important point to which 
our results and conclusions lead us — namely the com- 
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parison of this mutation with those of Oenothera La- 
marckiana. The two processes have several features in 
conmion, but possess others which are more or less 
strongly opposed. 

The points of similarity are: the sudden and imme- 
diate origin, the repeated appearance, the mutation- 
coefficient of about 1% (see Vol I, Part II, § 14, p. 337), 
the completeness of the new type, and its high degree 
of heritability. 

These common characters justify the description of 
the origin of Linaria vulgaris pcloria as a mutation.^ 

But it is a mutation of a special kind. The structural 
change does not extend to all parts of the plant, but is 
confined to the flowers; in their youth the two types 
cannot be distinguished. In the mutations of Oenothera 
Laniarckiana the new characters are analogous to the 
specific characters of related species already existing; 
in the case of IJnaria no such analogy exists. On the 
contrary the new character in Linaria occurs as a variety 
in numerous other species, and even in distantly related 

* T.iNNAEi’s, as is well known, expressed the view that the Pcloria 
is a hybrid between the connnon Linaria vulgaris and some other un- 
known plant Us comparative sterility favored this view, hut as the 
second of the two parents could not he found this view has since 
I)ecn given up Here, how'cver, I might discuss the possibility that 
L. vulg. hcmij^cloria might he a cross hetw^een L. vulgaris {apeloria) 
.iiid L. vulg. pcloria, if this were so the appearance of the latter 
from the former would perhaps have to be regarded not as a muta- 
tion. hut as a segregative process in a hybrid race. If this view 
w'ere true the Pcloria should first have arisen from the Apcloria, 
without the mediation of the flcmipclorw a process which has still 
to he observed It is, however, no more than a pure assumption 
that the hybrid Apciotia X PAoria would he a Hemipcloria', in fact 
our knowledge of other cases would lead us to suppose that it would 
he like one of the parents, in this case the Apeloria, and so long as 
there is no direct infornintion on any of these points a further dis- 
cussion of this view seems barren blorcover it is by no means cer- 
tain that Linaria 7fulgans apcloria exists at all, or ever has existed; 
the variety, in this genus particularly, may well be older than the 
species, 
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pknts. Lastly the mutation in Linaria does not appear 
along with others in space and time, but occasionally, 
and scattered perhaps over the, whole area of the parent 
form and probably over the whole i^eriod of the life of 
this race. 

The mutation^', of Oenothera Lamarckiana necessi- 
tated the assiimi)tion o( a definite prenuitation, but the 
origin of t!;e Pcloria is obviously a pheiionieuon of a 
dififerent kind. 

J^'loria is often regarded as an instance of atavism.^ 
Idle correctness of this inicrpretation obviously dej)ends 
prmuirih' on whether this term is used in a narrow or a 
broad sense. Atavism is a reversion to ancestral char- 
acters ; in the narrow sense to the complete ty])c of par- 
ticular ancestors, in tlie wider it refers only to single 
characters. But it is clear that the spurs which form 
a distinctive character of the genus Linaria must be older 
than the species L. vulgaris^ which cannot therefore have 
had ancestors without the spur but with the other c!iar- 
acters of the species; so that L. vulgaris anectaria can 
occupy no place in the series of ancestors. The sym- 
metry is ever so much older and L. vulgaris with regular 
flowers has certainly never existed amongst the ancestors 
of the common toadflax. Moreover the sterility of the 
pcloric plants does not favor such a view. 

If the Pcloria must be regarded as atavistic, this view 
can mean no more than the assertion that it has arisen 
by the loss or latency of a character of the common 
Linaria. Therefore we are concerned here with a retro- 
gressive mutation, and the question arises, how far the 
differences between this case and the progressive muta- 
tions with which we have become familiar in Oenothera 

* See L. JosT, Biolog. Centralbl, 1899, P- I49- 
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are thus to be explained. The explanation is so simple 
that it follows directly from the preceding discussion. 
It is merely necessary to point out that the most impor- 
tant condition for a character to become latent is its pres- 
ence ; and this explains how it is possible that the Peloria 
so often appears over the whole area of distribution of 
the species. Neither a preniutation nor a period of muta- 
tion is necessary for such an occurrence. 

If the loss or latency (for the inner potentiality is ob- 
viously not lost but only becomes inactive) affects single 
flowers we have a partial atavism, but if it affects the 
whole plant we have the complete and heritable Peloria. 

It is on this basis that the atavistic phenomena of the 
stri])ed flowers, of the many-spiked Plantago (§17, p. 
148) and of the peloric Linaria fall in line. They are 
retrogressive phenomena, reversions to ancient charac- 
ters which have externally become lost but are still pres- 
ent in a latent state. Hieir agreement with one another 
on the one hand, and their contrast with the progressive 
mutations of Oenothera Laniarckiana. on the other, thus 
receive a satisfactory ex])lanation. 


§21. TIERH ABLE PELORIAS. 


Pelorias are very rarely met with in nature as a 
specific character. As an instance I may quote Mentha 
aguafiea, the apical flowers of which according to Scfiim- 
per’s discovery are always regular and consequently 
peloric,^ and the orchid Vropedium Undenit, which is 
regarded as the peloric form of Cypripedlum caudafwn.^ 


M P and Delpino, 

Mim. K. Jftsht, di Set., Bologna, Ser., Vof. 1 , i8^, p. 269. 


*A. Brogniart, Ann. Se. nat., 3 Ser.l, Vol. XIII, p. 113 (Plate 
M Tanse, Maandblad voor Natuurwetenschappen, Vol, 

AlV, No. 3, 1887, p. 29. Utopedium LindenU appears to be by no 
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In a state of cultivation peloric races are also very rare, 
and the common Gloxinia superba erecta with its numer- 
ous color varieties and hybrids is the best generally 
known cultivated example.* 

Our present knowledge of the origin of Linaria vul- 
garis peloria as described in the foregoing pages, justifies 
us in attempting to form some idea concerning the origin 
of such forms in these perfectly analogous cases and 
also to sketch the details of this idea on a basis, or back- 
ground of facts. 

But there are still difficulties in the way. The low 
fertility and the incomplete constancy of the Peloria 
distinguish it from true species.^ Most systematists 
would evidently not consider L. vulgaris peloria to be 
a true species unless the common L. vulgaris were ex- 
tinct. 

Besides the examples named, there is a whole series 
of heritable cases of peloria, which either appear as rare 
anomalies, or are familiar cultivated races, and repeat 
the abnormality regularly and in a fairly large number 
of individuals every year.^ In both cases, however, the 
development of the anomaly is, as usual, in a high degree 
dependent on external conditions. 

There are, as we have stated in the foregoing section 

means rare in Colombia (South America); it was discovered there 
by Linden in 1843 (Linden, Pescatorea, Iconographie des Orchi- 
aces, 1800, Plate II. 

*The spiirless varieties of certain species of Viola and Tropae- 
olum may also be regarded as pelorias : see the following page. 

* From this point of view it would be very important to know 
whether the Mentha and Uropedium cited are perfectly constant 
that IS, never produce atavists without pelorias. ’ 

*It is extremely doubtful whether, besides these, there are 
pelorias, the origin of which is solely due to external influences 
and does not need the existence of a corresponding internal poten- 
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(§20), various kinds of pelorias according as one or 
another form of the petals of the parent species has be- 
come the one which prevails in the subspecies. In spur- 
bearing si^ecies they are distinguished as Peloria nee- 
taria and anectaria. Both possess a very low degree of 
fertility but are, so far as is known, heritable. Peloric 
flowers without spurs are well known in Linaria,^ An- 
tirrhinum,^ Viola, ^ Tropaeolum,^ etc.*"* 

There are few heritable peloric races beyond those 
which have been named. The best known are Corydalis 
solida peloria which in Godron’s experiments^ was found 
to transmit the abnormality through a series of genera- 
tions, and Digitalis purpurea monstrosa (Fig. 42). This 
latter, the peloric foxglove, has been a favorite garden 
plant for a long time, and has often been the subject of 
morphological investigations. The oldest descriptions 
and figures are due to my predecessor G. Vrolik, whose 
preparations are still to he seen in the collection at Amster- 
dam.^ Since his time the variety has been cultivated in 
our lx)tanical garden more or less regularly, and is still 
growing there.^ Tt is very constant: its peloric flowers 

’ C. Btixot Atwotations a la Flore dc France et d'Allemagnc, 
quoted in Bot. Zcituiig, 1872, p. 278. 

*J. T. C RATZEBrRC., Animauversiones ad pelnriarum indolcm, 
1825, Plate 1 , I'igs 04-76. 

*J. C CosTERUs, P( lories du Jlola tricolor, Arch!v. Ncerl., Vol. 
XXIV, p. 142, Table II, De Candolle, Vrganogruphic, PI 45 

* E. VON Freyhold. Ueher Pciorieubildung bet TropaenJum adun- 
cum, Botan. Zeitung, 1872, p. 725 and Plait IX. 

•D. a. Godron, Acad Stanislas. 1865 1868 (Delphi- 

nium chinense, etc). 

•Godron, loc. cit , 1868, pp 3-8. Cultures from 1862-68, with more 
tlian fifty peloric plants. 

^G. Vrolik, Ueher cine sonderbare IVucherung der Flumen hci 
Digitalis purpurea, Flora, 1844.P i. Plates I and 11 , aK{» Fortge- 
setste Beobachtungen iiher dtc ProhHcation von Digitalis purpurea, 
Flore, 1846, p. 97, Plates I and II. 

•TI1C following selection of references may be of use: W. F. R. 
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are, however, highly variable and only too frequently 
accompanied by other malformations. The commonest 
of these are an increase in the number of organs, the 
formation of catacorollas and the production of a secon- 
dary raceme from the axis of the flower. These are the 
cases which are most 
commonly described and 
figured in literature. In 
order to find more regu- 
lar and even perfectly 
])cntamerous flowers we 
must look to the tops of 
the weak lateral branches 
of vigorous plants (Fig, 

42) ; these hardly ever 
proliferate, are often still 
pleiomerous, but there 
will also occur amongst 
them flowers with a per- 
fectly regular corolla 
with five lips and five 
erect stamens. 

The peloric flowers 
of Digitalis purpurea are 
always terminal, whether 
or on branches. The same is true of most other Scrophu- 



Fig. 42. Digitalis purpurea man- 
strosa. A lateral branch with a 
terminal peiitanierous pcloria. 

they occur on the main stem 


SuRiNGAR^ Plantaardige M onstruosiieiten, K. Akad. v. Wetenscli., 
Amsterdam, 1873, 2d. R., Vol. VII, Plates I-TI 

P. Magnus, Digitalis purpurea, Sitzungsber. Prov. Brandenb., 
Vol. XXII, 1880, p. 

J. C, Coster us, Teratologische V erschynselen by Digitalis pur- 
purea, Ned. Kruidk. Archief, 1885, Plate VII. 

Angel Gallardo, Fasciacion, Proliferacion y Sinantia, Ann. 
Mils. Nacion., Buenos Aires, Vol. VI, p. 37, PI. 3; also Sobre algunas 
(inomalias de Digitalis purpurea (with complete bibliography), same 
journal, Vol. VII, pp. 37-72. 
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lariaceae} and of many other families, especially or- 
chids.-’ The relation between this position and the reg- 
ular' form of the flower is still without a proper explana- 
tion; and the question whether the anomaly is due to 
high nutrition or to the absence of the factor which 
determines the bilateral symmetry or both, still awaits a 
definitive answer. Laterally situated peloric flowers are 
very rare but sometimes occur as we have seen in Linaria 



Fig. 43. Antirrhinum majus. A, Peloric flower from the 
middle of an otherwise normal raceme, August 1899. 

Two slips of *lic corolla stand erect; the other three are 
bent downward. B, Normal flower of the same spike. 

vulgaris hcmipcloria (Mg. 41, p. 207), and a.s is shown 
by Antirrhinum majus (Fig. 43), etc. Of great impor- 
tance, also, is the hitherto little noticed fact that in Digi- 
talis and one or two other cases, the peloric terminal 
flower opens first of all, whilst the order of opening of 
all the other flowers on the stem is normal, i. e., acro- 
petal. 

*Eichler, Btuthendiagramme, I, p. 20B. 

•pFfTZER, in Engler and Prantl's Naturl PHansen-Familien: 
Orchid., p. 61. For further information on pelorias of Orchids see 
Penzig, M^m. Soc na! Sc. Cherbourg, Vol| XXIX,, 1894, pp. 79-104. 
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Pelork flowers occur as chance anomalies in a large 
number of plants. A specinient of Scrophularia nodosa 
which I have had growing for the last ten years pro- 
duced them abundantly. On the other hand my cul- 
tures of Antirrhinum majus although of twelve years 
duration and carefully guarded gave rise to no more 
than two peloric flowers, one of which is shown in Fig. 
43 A.- Both sprang from the middle of the racemes, that 
is, they were lateral. I have also observed occasional 
cases of peloria on Aesculus Hippocastanum, M dam- 
py rum pra tense, Orobanche Galii,^ Cytisus Laburnum, 
etc. In my cultures of 1892 a peloric flower occurred 
on a plant of Lupimis lutcus. The tube-shaped peloric 
flowers of the cultivated Calceolarias are also well known. 
In these and similar cases the mode of inheritance has 
still to be investigated. In this respect the observations 
of Peyritsch are of great importance He has shown 
that in the case of peloria in Lconurus Cardiaca, an an- 
nual Labiate, the anomaly can be reproduced from seed 
whether this originates from the peloric or the normal 
flowers of the same plant. 

Peyritscii^s memoir is one of the most valuable of 
those which deal with peloria, and is indeed an almost 
complete monograph so far as the Labiates are con- 
cerned.^ He has also investigated the influence of the 
environment on the anomaly as occurring in a series 
of Labiates.^ I select the following observations for 
notice here: 

'See also W. F. R. Suringar, Orobanche Galii, Ned. Kruidk. 
Archief, 1874, Vol. I, p. 330, Plate 18. 

* T. Peyrttsch, Ueber Pclorien bet Labiaten, Sitzber. d. k. Akad. 
d. Wiss., Vienna, Vol. XL, Part T, iSdg, p. 343, Plates I-VI; and 
Vol. XLII, 1st section, 1870, p. 497» Plates I-VIII. 

® J. Peyritsch, Untersuch. uher die Aetiologic pelortscher Bliiten- 
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Laminin maculafntn and Galeobdolon luteum commonly 
produce peloric flowers in the neighborhood of Vienna. 
They often l:)ear them every year on the same plant, but 
one or more years are sometimes skipped. A sunny 
position increases the number of anomalous flowers whilst 
dense shade diminishes it; consequently one locality often 
furnishes instances of peloria in several species of Lab- 
iates (e. g., Calainintha and others), whilst the same 
species growing together in another locality will not pro- 
duce a single symmetrica] flower or only very few. When- 
ever the conditions aflFecting a plant were improved by 
cutting down timber, peloria occurred in profusion, and 
the transference of a plant to a sunny spot in a garden 
often resulted in its appearance. Other authors, and 
particularly Vuillemin,^ also assert that the conditions 
of life play an important part in inducing the anomaly, 
])rovided that the inherited potentiality for it is present. 

bildunfren. Denkschr d. k, Akad , Vienna. Vol. XXXVTII, Part IT, 
1877, with Plates I-VIIl. See also Goebel, Organographie , I, p. 163. 

‘ Loc. cit., 1894, p. 33. 



VII. NON-ISOLABLE RACES. 

§ 22. TRIFOLIUM INCARNATUM QUADRIFOLIUM. 

Few experiences are so well fitted for enabling us to 
obtain an insight into the nature of specific characters as 
the failure of an experiment in selection. I am not speak- 
ing of practical experiments because in such cases the 
breeder is often disappointed by the fact that the result 
is not superior to what he has already, or is not suitable 
for cultivation on a large scale from other causes. This 
kind of failure only concerns the practical breeder and 
does not affect the vScientific investigator. The object of 
the latter is simply to find out whether a race sj^ecified 
beforehand can be o]>tained or not. 

According to the theory of selection almost anything 
ought to be obtainable. Almost all characters manifest 
fluctuating variability to the extent requisite for selection. 
If the range of variation is considerable, selection should 
proceed rapidly; if it is within narrower limits it should 
merely require longer series of generations; and if, more- 
over, the familiar but undemonstrated opinion is assumed 
that fluctuating variability increases as the result of the 
select! ])rocess, there is no reason why in any given 
case the attempt to breed a desired race should not suc- 
ceed. 

But this discussion, in my opinion, only applies to 
ordinary fluctuating variability, and if thus limited, I 
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willingly agree with the prevailing view. In the sphere 
of mutability, on the other hand, matters are entirely 
diflerent Here species, subspecies, varieties, races, etc. 
arise by mutations which are induced by rendering active 
a hitherto latent or semi-latent character. The first con- 
dition for a desired mutation therefore is the existence 
of the character in question in a latent or semi-latent 
state. Without this nothing can be achieved, at least in 
the present state of science, and it is only in the case of 
semi-latency that we can have any sort of evidence that 
the desired character is present. Horticultural breeders 
are well known to be continually on the lookout for any 
such indication.^ 

But the presence of a latent character is not of itself 
sufficient, according to my experience, to insure the suc- 
cess of an experiment in selection. For many an experi- 
ment has failed in spite of years of labor. 

This proves nothing in itself, because it is often due 
to lack of sufficient experience, and this experience can 
only be acquired by carrying out a successful experiment 
in an analogous case ; in other words, by making exactly 
the same experiment with a related plant, preferably 
with another species of the same genus. 

For this reason I have more than once endeavored 
to breed a race analogous to one already existing in a 
closely related species of the same group, which is either 
on the market, or has appeared in my own cultures. Ex- 
l)ericnce has taught me that the end may often be attained 
with greater or less ease according to circumstances; but 
that in many other cases, so it apiK'ars, insurmountable 
obstacles bar the way. 

A very definite and simple case is afforded by the 

* See Vol, T, Part I, § 25, p. 188: and this volume, Part T, § 2, p. 9. 
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attempt to breed a five-leafed race of the crimson clover 


(TrifoHum incamfitum) analog- 
ous to the five-leafed race, of the 
red clover {Triform pratense) 
which has already oeen described 
(§ p. 36). I started the ex- 
periment in 1894; since then I 
have devoted a great amount of 
trouble to the task without any 
result, until in 1900 I gave it up. 
The attempt simply does not suc- 
ceed, with my material at any 
rate. 

The object was worth a great 
effort. At first I believed that 
I had artificially made the five- 
leaved red clover, or as it is 
often expressed, that I had cre- 
ated it. The gradual develop- 
ment of my theory, however, ted 
me to doubt the correctness of 
this opinion. It seemed possible 
that I had merely found the race 
already existing in nature, but 
in a condition in which it was 
not recognizable as such. Eight 
years however had gone by since 
the beginning of that culture, 
and it was practically out of the 



question to go back to it. I re- 
solved therefore to endeavor to 
raise a new five-leafed clover and 
selected the crimson clover. This 


rigf. 44. Trifolium incar- 
natum. A flowering 
branch with a single 4- 
foliate leaf; the result 
of an experiment in se- 
lection lasting six years. 
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choice was largely determined by the fact that there 
were no published records of 4- or 5-f(^te leaves*of this 
clover,^ which means that the character, if plesent in a 
latent state, is much rarer than in the red clover. 

I take this opportunity of calling attention to the 
inestimable value of Penzig's “Teratology/’ This lies per- 
haps rather on the negative than on the positive side, 
for it is of course possible to collect the main literature 
relating to a given question oneself, although not with- 
out the expenditure of a great amount of time; but if 
one is not a teratologist by profession, it seems hardly 
l)ossible without ^me such help, to satisfy oneself that 

ijt 

Mg. 45. Trifolium incarnatum, 4-foliate leaves, the middle 
one witli incomplete segregation of a lateral leaflet. 

al)solulely no records relating to a particular phenomenon 
exist. 

The first step in a purely scientific breeding experi- 
ment evidently is to find out whether the deviation in 
cjuestion has occurred before, and if so, whether it is rare 
or common. My belief is that the commoner anomalies 
are heritable characters with a high index of inheritance 
(often alxmt 30-409r or more), hut that the rarer ones 
are the occasional expressions of latent or semi-latent 
characters. These are also inherited in their latent state, 
and if they turn up here and there this latent condition 
must probably l)e widely distributed. 

* 0 . Penztg. PHansentcratchgie, Vol I, i8qo, p. 385, where T. 
incarnatum is not even mentioned. 
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Jf TrifoHum Akcarnatum with 4-foJiate^ leaves had 
often be^ meilf|g>ied it would therefore seem probable 
that a flve^leaved race of it occurs in nature, although 
just as little separated from the ordinary crimson clover 
as the five-leaved race, of the ordinary clover is from 
this. 

Latent characters, in my opinion, are often older than 
ihe species which bear them. I regard tlie division of the 
leaf into four blades in this case as an atavistic phenom- 
enoii and I believe that this latent potentiality is as old 
as the whole group of clovers 
with trifoliate leaves (Trifolium, 

Mcdicago, Melilotus etc.), that 
is, older than the individual gen- 
era of this group. In many spe- 
cies this power of reproducing 
qiiadri foliate leaves may have 
l^een completely lost, for it is 
mentioned in Penzig’s book only 
for a relatively small number of 

them. In others, however, it has hig. 46 . Trifolium praiensc. 

An atavistic pinnate leaf. 

persisted to the present day. If 

the trifoliate leaves of the clovers are derived from 
Papilionaceae with pinnate ones, the multi foliate leaves 
which they occasionally produce must evidently be re- 
garded as atavistic phenomena. The correctness of this 
view is proved by those very rare cases in which, in 
the races in question, pinnate leaves appear instead of the 
ordinary multifoliate ones. I have observed this from 
time to time in my Trifolium pratense quinquefoliuni 
(Fig. 46) and the same thing has been found by other 
authors in Trifolium minus and Trifolium repefts, 

I have myself found 4- and 5-foliate leaves in Medi-^ 
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cago lupulim, whilst Braun has observed them in M, 
saliva. They are well known in pratense and T, 
re pens j and Wydler has recorded 4-foliate leaves in 
Lotus major and T etragonolobus biflorus. In some suc- 
cessive sowings which I made with Medicago lupulina I 
found the character to be inherited although in a mod- 
erate degree only, but I have not continued the experi- 
ment. 

But let us return to the crimson clover. The question 
is, what prospects were present at the beginning of the 
experiment, and what may be exj^ected from such ex- 
periments in general ? There are three main possibilities 
to be considered. We may find at the beginning of the 
experiment (~See § 3 p. 20) : 

1. A race which often exhibits the anomaly in ques- 
tion, and bears it as a heritable character, i. e., an ever- 
sj)orting variety ; 

2. A half-race with a semi-latent anomaly which is 
only occasionally manifested; 

3. An ordinary plant of the species with the character 
in question in a latent condition. 

In the first case the race already exists and all that 
is necessary is to isolate it ; in the second it may possibly 
be obtained ; in the last there is little prospect of doing so. 

In order to present a clearer idea of the mutual rela- 
tions of these three cases let us examine Trifolium repens 
and T. pratense. That the anomaly is by no means very 
rare is testified in both cases by the popular belief in the 
so-called lucky four-leaved clover as well as by common 
experience. If looked for in a field of clover, or in a 
meadow, or along the roadside, a four-leaved clover will 

found from time to time. If repeated attempts are 
made to find them they will certainly prove to be rare 
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but not so rare as we might have imagined. I have found 
them almost every year, and often quite soon after I 
had been asked for one. ' On the other hand there is on 
the market the 5-foliate T, repens atropurpureum which 
is often cultivated in gardens for its dark brown leaves, 
and for T. pratcnse I have describea the five-leaved form 
in detail in § 5. 

Plants of T. pratcnse are sometimes found in the field 
witli two or more 4- or multifoliate leaves. I found one 
in 1866 in the Cronesteyn estate near Leyden, and an- 
other in 1886 near Loosdrecht. The first had several 
4-foliate leaves, and also some 5-6-foHate ones. I se- 
cured the former but did not cultivate it; the latter 
formed the starting point of my race. In view of my 
present knowledge I must assume that in both cases the 
plants already belonged to the race when I found them ; 
and I also consider it as probable that this race had arisen 
on these very spots, or at least not far from ^hem.^ 

Whether the same race can also be produced from the 
oc'casional stray four-leaved clovers I do not, of course, 
know ; but I anticipate that the attempt would sometimes 
succeed and at other times fail. If this view is confirmed 
by future experiments we shall have proof of the exist- 
ence of the two races, the eversporting variety and the 
half-race, existing simultaneously within the limits of a 
single species. For the present we must be satisfied with 
the knowledge that there exists a race rich in anomalous 
leaves in the red and in the white clover, and one in the 
crimson clover which bears the character only in the 
semi-latent state. 

I shall now proceed to the description of the latter. 

In the winter of 1894-95 I bought a kilo of the seed 

*A polyphyletic origin, therefore, as in Linarta vulgaris peloria. 
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of the ordinary crimson clover and sowed part of it on a 
l>ed of about five square meters. Two of the seedlings 
were tricotylous and one was tetracotylous, and these 
were transplanted to a special bed as soon as possible 
in the hope that they would exhibit the desired abnor- 
mality. This hope was based on the principle of the 
correlation between different kinds of anomalies.^ If a 
plant exhibits an anomaly in its early stages it will, ac- 
cording to this principle, be more likely than any other 
individual in the same culture to give rise to other devia- 
tions later on. In this particular case my expectation 
was fulfilled, for the tetracotylous plant produced one 
4-foliate and one 5-foliate leaf in the course of the sum- 
mer. Such were not found on any other plant, either 
during the course of the experiment or at the end of 
July when the plants were in full bloom and were pulled 
uj) and minutely examined. There were about a thousand 
plants. 

I left the three selected specimens to flower together 
and sowed their seeds in April 1896. Over 600 seedlings 
came up, all of them with only two cotyledons. In all 
of them the first leaf was single, which is the general 
rule in clov^ers (Fig. 47 A). The second and third leaves 
develo|>ed in May; they were quite normally trifoliate, 
with the exception of one, of which one of the three 
leaflets was split laterally, although not completely di- 
vided. The form of this blade was similar to that figured 
in Fig. 45 B. About 250 individuals of the whole group 
were planted out. The seed had been sown in pans ; the 
young plants were transplanted into pots and were planted 
in the beds it the middle of May. At the end of June, 

^Einc Methode, Zwangsdf ehungen aufsusuchcn, Ber. cl. d. hot. 
Ges., Vol. XII, 1894, p. 25. 
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at the beginning of the flowering period, sev eral indi- 
viduals exhibited one or more 4-foIiate leaves ; the anom- 
aly was therefore a heritable one. 

Moreover the multiplication of the blades had also 
increased considerably as the result of selection, as the 
following figures prove. These refer to the offspring of 
that seed-parent which had already exhibited the anomaly 
in the previous year. There were 90 of them; among 
the offspring of the tricotylous parents ^‘4-leaves’' were 
not entirely absent, but they were relatively scarce, and 



A B C JO 


Fig. 47. Trifolium incarnatum. A, a seedling with 
normal primary leaf. B — D, seedlings with 2- 
and 3-foliate leaves. The former arise from the 
larget ; the latter from the smallest seeds. 

the whole group was consequently pulled up at the be- 
ginning of the following period. About % (58 out of 
90) of the rest were perfectly normal without any in- 
crease of the number of leaflets. On the average they 
had about 10 stems and 100 leaves per plant. The re- 
maining plants formed a half-curve^ of the following 
composition. The first row gives the number of 4- or 
5-foliate leaves per plant, and the second the number of 

' § 4, p. 26 ; and Ueber halbe Galton-Curven, Ber. d. d. hot. Ges., 
1894, Vol. XII, p. 197. 
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individuals on which these numbers were observed (cul- 
ture of 1896) : 

Abnormal leaves 0 1 23456789 

Individuals 58 10 12 4221001 

The 58 normal plants were pulled up. Of the rest 
four were weak and died; there remained 28 which all 
flowered together. Their seed was harvested separately 
after the number of 4- and 5-foliate leaves on each parent 
had been recorded. 

In March 1897 I sowed a part of this seed in pans, 
separately for each seed-parent. The object of this was 
to find out whether there was any difference between the 
individual seed-parents with regard to the number of 
anomalous offspring which they produced. From an 
examination of the pans it was easily seen that the ab- 
normality had already appeared in the primary leaves of 
some of the seedlings. In the great majority of cases 
these were perfectly normal, consisting of one leaflet as 
in the whole of the previous generation. In some cases 
however this primary leaf consisted of two or three 
leaflets (Fig. 47 B-C). Such occurred in the crops raised 
from 6 of the 21 plants whose seeds had been sown. 
Kach seed-parent had given a crop of about 300 seed- 
lings. Five of the crops contained not more than 2 ab- 
normal seedlings, but the remaining one had a very large 
number, namely 14 amongst 335 seedlings or about 4%. 
It is worthy of notice that the parent of this crop had only 
had two 4-foliate leaves itself and thus had not given 
the least sign that it would produce offspring with so 
much higher a degree of the abnormality. Moreover I 
could not find any relation between the number of ab- 
normal leaves on the other seed-parents and the pro- 
jx>rtion of abnormal offspring raised from their seeds. 
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The plant with nine 4- or 5-foliate leaves did not give 
rise to a single anomaly ^ongst 300 seedlings. 

Amongst breeders oi animals it is generally recog- 
nized that the visible characters of an animal are of very 
little use as an indication of its value for breeding. The 
offspring which the animal has already produced afford 
a much more reliable indication. 

Oil the basis of the choice of the seedlings, the 14 
abnormal offspring of the seed-parent with 4% were 
planted out in the beds in June 1897, together with the 
seven next best plants. The latter produced very few 
4- to 5-foliate leaves per plant, the first 0 and 1 in eleven 
cases, but 9, 9 and 4 in three cases. There was there- 
fore no marked advance on the previous year in this 
respect. 

The progress was just as inconsiderable in the harvest 
of that year. The percentage of abnormal individuals 
amongst the seedlings ranged in 1898 between 1 and 4% 
and in one case reached 6%. On the other hand all the 
(19) seed-parents investigated had at least one and usu- 
ally two or more seedlings with a divided primary leaf. 
But here again no relation was manifested between the 
number of abnormal seedlings and the number of 4- 
or 5-foliate leaves on the seed-parents which produced 
them. 

227 seedlings were planted out, most of which were 
perfectly normal at the time of flowering. I obtained 
the following half-curve (1898) : 

Number of multifoliate leaves per plant: 0 1 2 3 4 5 
Individuals: 188 29 7 1 1 1 

That is to say, about 20% of individuals with the 
inherited anomaly in from 1 to 5 of tlie whole number 
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of leaves counted on the plant (about 100). The numbers 
were therefore smaller in this than in the previous year. 

For this culture I had planted out the normal and ab- 
normal seedlings of the most abnormal seed-parents and 
some abnormal seedlings of the remaining seed-parents. 
No essential difference between these three groups could 
be detected when they were recorded at the time of flow- 
ering. 

Pitcher formation was observed both amongst the 
seedlings and during the later stages; this is another 
indication of correlation amongst the various characters. 

In the summer of 1898, 41 of the selected plants fur- 
nished a sufficient quantity of seed. In the following 
spring I determined the proportions of seedlings with 
compound primary leaves in the crops from each of these 
parents and reckoned them in percentages. The compo- 
sition of the 1898 harvest with respect to this character 
was : 

Percentage of abnormal offspring 0 1 2 3 4 5 8 11 15 16 20 24 27 
Parents 3 12 75421211111 

1 hat is t<^ say, a considerable advance which at once 
becomes evident if this senes of figures is conipared with 
that given above for the 189/ harvest (1-4 and 6%). 
Ibis advance has nioreoxer taken place in spite of the 
falling off in the mimlier of 4-foliate leaves in the seed- 
parents. 

Ill the spring ,,f 18 QO I only selected seedlings with 
trifoliate priinarv leaves for transplanting (see Fig.47C), 
and only from amongst the offspring of the four seed- 
parents with from l5-2V/r almormal offspring. At the 
time of flowering, howevi-r, my ho|ies were disappointed. 
In the middle of July there were amongst 120 richly 
branched flowering plants 45 Of without the anomaly. 
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27% with a single abnormal leaf each, and 28% with two 
to four 4- to 5-foliate leaves each. That is to say, 55% 
abnormals as against 20% in the previous year — which 
indicated a marked advance. 

But rny hope of obtaining a leaf with more than five 
leaflets was not fulfilled. In spite of repeated searcl\ 
I never found one. Nor did I obtain plants rich in foiir- 
l)lade(l leaves; for there were none with more than four 
of them. 

Therefore I have since abandoned the hope of breed- 
ing a race of four-leaved clover, corresponding to my 
Trifoliiim pratense quinque folium, from this material. 

A striking feature of this experiment is the apparent 
absence of a relation between the degree of abnormality 
of the adult plants and that of the seedlings. For the 
paucity of four-bladed leaves in the grown plants seems 
incompatible with the abundance of multi foliate primary 
leaves in the seedlings from which they grew. 

The failing of this relation has led me to the dis- 
covery of a most remarkable connection between this 
varial)ility and the size of the seeds, for the smallest 
seeds are those which give rise in the largest number to 
compound primary leaves. 

Small seeds germinate somewhat later than larger 
ones and also give rise to weaker plants. It had often 
struck me that the selection of the most abnormal of the 
seedlings was frustrated by the fact that many of the 
individuals with compound primary leaves were too weak 
to be planted out, or died soon after the process. It also 
struck me that all the seedlings in a pan could not be 
recorded at the same time. At first view the plants ap- 
pear to germinate very regularly, and hundreds in the 
same pan seem to unfold their leaves at the same moment. 
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At this point they were recorded and, if the first leaf 
was single, were usually pulled up. Those which were 
saved were usually weaker, more stunted and backward 
in growth. Several had not yet unfolded their first 
leaves, and amongst them a great number of the anom- 
alies were found when the examination was repeated a 
few days afterwards. 

I then convinced myself by a very simple experiment 
of the correctness of these conclusions. All that was 
necessary was to isolate the large and the small seeds in 
a sample and to sow them separately. But as there is 
no absolute limit between the two it was necessary to 
know liow many seeds should be separated out, as the 
smallest. And this can only be done by the number of 
anomalies, i. e., compound primary leaves, they produce. 
I therefore selected a sample of seed whose capacity for 
producing anomalies I already knew. This was 15%: 
tlie sample was derived from a single seed-parent. I 
separated the seeds into three categories, small, inter- 
mediate and large. All in all there were 217 seeds of 
which 17 did not germinate. The characters of those 
which did arc as follows: 

Number of divisions in the primary leaf. 



1 

2 

3 

2-3 

Small seeds 

31 

9 

16 

12.5 % 

Intermediate seeds 

SO 

2 

1 

1.5% 

Large seeds 

88 

2 

1 

1.5% 


169 

13 

18 

1S.5 % 


It will he seen that almost all the ahnormal seedlings 
are derived from the smallest seeds. The seedlings from 
the large seeds had, with a single exception which was an 
ahnonnal one, unfolded their primary leaves in May, and 
fourteen days after the seed had been sown; the same 
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is true of the intermediate seeds with the exception of 
four, two of which were abnormal. 22 normal plantlets 
develoji^ from the smallest seeds in the same time ; the 
9 other normal and the 25 abnormal ones did not unfold 
their first leaf until the third week.^ 

These facts show further that the number of seed- 
lings with abnormal primary leaves does not depend 
simply on the degree of fixation of the variety. It de- 
pends mainly on the proportion of small seeds. This, 
however, in its turn, depends on the size of the harvest. 



Fig. 48. Trifolium incarnatum. ‘Monstrous seedlings 
from the smaller seeds. A, B, 1 ^, with two to four 
primary leaves; C, with a double leaf with broad 
flat peduncle. 


In the 41 samples which composed tlie harvest of 1898 
there were 8 with 8-27% abnormals; these samples con- 
sisted of from 0.3 to 1.5 cc. of seed. The remaining 
samples consisted of from 2 to 5 cc. of seed and the 
number of abnormals produced ranged between 0 and 
5%. From these facts we see that th^' weaker individ- 

* In stocks also the seeds which produce plants with double 
flowers and those which give rise to “singles” have different rates 
of germination, as is well known. An investigation of the seeds ()f 
inconstant varieties, or, as they are usually described, varieties which 
have not ''yef* been fixed, would be certain to reward the inquirer 
with many interesting discoveries. 
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uals, which gave a poorer harvest, gave rise to the larg- 
est number of abnormals amongst their offspring. 

I have repeated the same exj^eriment with the harvest 
of 1899, Jwith the seeds of four separate seed-parents, but 
as I did not know their capacity for producing abnormals 
in advance, the difference was not so striking. The large 
seeds gave rise to 2-4%, the small ones to 3-13% abnor- 
mals. Altogether seedlings from 2758 large and from 
617 small seeds were examined. 

Two questions present themselves in connection with 
the interpretation of these experiments: (1) Can the 
])osition in which the small seeds are chiefly produced 
(m the plant, be determined?^ (2) Are the germs of the 
small seeds perhaps the better nourished ones; is there, 
for instance, just as much nutriment brought to them 
as to the large seeds, but must they, for want of room 
or for other reasons, utilize it in some other way? 

1 recommend these problems for further study, and 
may jx^rhaps in the mean time record a few facts bear- 
ing on them which I have ol^served. In the crimson 
clover, monstrosities occur much more frequently among 
the seedlings from small than among those from large 
seeds. The latter are almost all j^rfectly normal. The 
small seeds often produce plants with supernumerary 
cotyledons, or with two or more primary leaves (instead 
of one) or with divided peduncles, symphyses in the 
leaves and other malformations (Fig. 48). Unfortunately 
it is often difficult to keep these individuals alive and to 
bring them to flower. 

Let us now cast a final glance over the whole course 
of the ex|x?riment. 

' In stock*;, acrordinicf to Chat#^ Culture des CiroHccs, the seeds 
which produce double- flowered plants arise chiefly from the lower 
half of the pods of the strongest raceme^ of the plant. 
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A crimson clover plant with some quadri foliate leaves 
was obtained by the selection of tricotylous and tetra- 
cotylqiis seedlings in conformity with previously studied 
laws M correlation. The anomaly proved to be heritable 
and lias maintained itself until now, during six genera- 
tions (1895-1900), It was improved by selection but 
only within very narrow limits. Plants with more than 
five leaflets per leaf have not as yet arisen, nor have 
plants bearing ten or more 4- to 5-foliate leaves, and it 
is nearly always the '"smair’ seeds which give rise to 
seedlings with compound primary leaves. 

But the chief result is that the desired race, rich in 
4-foliate leaves, "‘T. incarnatum qiiinqnefolium'' anal- 
ogous with Trifoliuvi pratcnse quinqucfolium, did not 
arise. ^ 


§ 23. RANUNCULUS BULBOSUS SEMTPLENUS. 

Double flowers are common phenomena aiiiongst the 
buttercups.^ They occur not only in the cultivated Ra- 
nunculi {R, asiaticus) but also in several wild species. 
The doubling may be either complete and brought about 
by petalomania as in the Ranunculus acris shown in Fig. 
40, Vol. I, p. 194; or it may be more or less incomplete 
when caused by the transformation of a varying number 
of stamens into petals (i?. acris, R, auricomus, R. Philo- 
notis, R. rcpens etc.). 

In Ranunculus bulbosus, the bul1:)Ous buttercup, the 

’ The same thing no doubt occurs also in other cases. The at- 
tempt to breed from occasional anomalies a constant race endowed 
with the particular variation, in some cases succeeds, but in others 
does not. For instance I have for many years endeavored to raise 
from the occasional polycephaly in Papaver commutatum a race with 
as beautiful crowns as those which characterize the familiar Papaver 
somniferum polycephalum (see Vol. I, p. 138, Fig. 27), but in vaim 

* See Penzig^ PHansenteratologie, Vol. I, pp. 181-189. 
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stamens are often (either all, or only some of them) 
transformed into petals with the result that dense double 
flowers are produced.^ These have been described by 



Fig 40 Ranunculus bulbosus semiplenus. A, the bulb; 

A' and A", its leaves from the axils of which the flower- 
ing stems S arise; E, terminal flower of the main stem; 

S, secondary flowers partly broken off; T, tertiary flow- 
ers. (See p. 256). 

various authors.- In the neighborhood of Amsterdam 

this variety does not occur, so far as I know. On the 

^ Loc, cit., p 185. Fasciated stems with broadened terminal flow- 
ers are also met with occasionally in the Ranunculus bulbosus in 
Holland. 

•Compare Ranunculus bulbosus A Icae of Naples, described by 
Terracciano, Nov. Aiti d R. Inst it Xapoh, 1895, Vol. VIII, No. 7. 



Ranunculus Bulbosus Serniplenus, 245 

other hand on plants growing as they often do in sandy 
localities, the flowers often possess a slightly increased 
number of petals. 

In these abnormal flowers there are usually six or, 
rarely, seven petals, very seldom more than 10-12. They 
are as a rule ordinary petals, but there sometimes occur 
some that are much smaller and narrower and are ob- 
viously metamorphosed stamens. This metamorphosis 
is often only partial, and the famil- 
iar intermediate stages are exhib- 
ited. The abortive stamens are 
usually to be found among the most 
peripheral ones; but they are not 
necessarily the outermost ones, di- 
rectly adjoining the corolla.^ 

The potentiality of this doubling 
is therefore present in a semi-latent 
condition in the wild plants of this 
species growing in this neighbor- 
hood. I regard this race, therefore, 
as a half race in contradistinction 
to the normal double race which is 
only known to me from the pub- 
lished records. Obviously the two 
possess the same character; which 
is, however, active in the one case 
but latent or semi-latent in the other. 

It seemed to me important to discover whether it was 
possible to obtain the double from the half race by selec- 
tion. According to the views advanced in this work 
this should be possible, but not every attempt need neces- 
sarily be successful. But if it does succeed the change 

* See Goebel, Jahrh, f. wiss, Bot., Vol. XVII, pp. 217-219. 



Fig. 50. Ranunculus but-- 
bosus serniplenus. A 
flower with 31 petals 
(partly petalodic sta- 
mens) ; the only one 
amongst 4425 flowers. 
It occurred on a qua- 
ternary branch in my 
culture of October, 
1892. See the series 
of figures on page 252. 
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must be brought al)Out suddenly, and, under ordinary 
conditions of culture, be effected in the course of a few 
years. In this way the double variety may have arisen 
from time to time in the wild state; and in the same 
manner the present half race may perhaps, in the course 
of time, undergo this change. 

This transformation, however, cannot be simply the 
result of careful selection. A mutation is needed; and 
we know as little alxnit the causes of mutations as about 
the method of inducing them artificially. Mutations are 
known to occur with moderate frequency both in breed- 
ing experiments and in nature, but, up to the present, 
their occurrence has been a matter of chance (§§ 10 and 
11, pp. 95-103). 

In my experiment such a mutation did not occur, 
although it extended over five generations.^ The half 
race was distinctly improved by repeated and very strin- 
gent selectioti. It became at the end very rich in extreme 
or almost extreme variants, but it was just in these that 
it proved to be so remarkably constant. In its five gen- 
erations it reached a point which did not seem to me 
likely to he exceeded by further selection. It produced 
occasional flowers with more than 1 5 petals, and a single 
one with 31. but the mean number of the petals in its 
selected individuals did not exceed 9-10. 

The double variety did not arise from it, in spite of 
every effort. 

* The fluctuating variability of the scmi-latent character xw Ranun- 
culus hulhosus semiplenus seems to co\er a much wider range of 
forms than in Trifolium. There the extremes arc 3 and 7 leaflets; 
in the buttercup they are 5 and 31 and perhaps more petals. From 
this it does not. however, follow that the variation is greater in the 
one case than in the other, but only that the variation is expressed 
by a larger number of divisions fn the latter ca.se, i. e , that there are 
more scale characters in the curve. 
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I conclude, therefore, that in this case the half race 
cannot be transformed into the double race by simple 
selection, but only by an internal change — a mutation — 
the external causes of which are still unknown to us. 

Proceeding now to the detailed description of my 
experiment, I begin with the half race in the conditions 
in which I originally found it in nature. 

I found the half race growing in 1886 and 1887 in a 
sunny and sandy spot not far from Hilversum, where I 
have often seen it since. The bulbous buttercup grew 
there in abundance; most of the flowers were normal, 
but a considerable number had more than five petals. 
I shall refer to these latter for convenitnce of expression 
as pleiopetalous. 

For several years I have recorded the flowers in that 
locality. I give the records of 1886 and 1887, each of 
which relate to 300-400 flowers. The data are given as 
percentages. 

Number of petals 5 6 7 8 9 10 11 12 13 14 

Flowers in 1886 91.5 5.5 1.2 0.6 0.6 0 0 0.3 0 0.3 

Flowers in 1887 90 7 2 0 0.5 0 0.5 0 0 0 

The two series^ agree as closely as could be expected 
and the records for the other years also fall in line. The 
maximum of the curve (see Fig. 51 H) is over the 
normal number of petals; and* from it the curve falls 
rapidly. It is a so-called half GALTON-curve. Flowers 
with less than five petals do not occur in this locality. 

The great steepness of this curve is due to the fact 
that on many of the plants no pleiopetalous flowers were 
found on the days when the observations were made. 
But this does not mean that the half race is mixed with 

^ Ueber halbe Galton-Curven ah Zeichen discontinuirlicher Varia- 
tion. Ber. d. d. bot. Gesellschaft, Vol. XTI, 1894, p. 197, where some 
of the series of figures given below can also be found. 
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a pure race with five petals only. For the plants in ques- 
tion were either weaklings, or exhibited pleiopetalous 
flowers" on other days. I was often able to observe that 
on many plants six-petalled flowers occur on one day. but 
not on another. The 6-7-petalled flowers are found 
from the beginning of the flowering period, but the 
higher figures do not occur till later, as is also known to 
be the case in other instances of double flowers. 

In 1887 I moved some plants in which the abnormal- 
ity was well developed, to my garden, where they flowered 
again in the following summer and set seed. These plants 
constitute the first generation of my experiment. Since 
then I have sown seed every year, but only part of the 
plants, sometimes one-half, sometimes two-thirds, pro- 
duced flowering stems in the first year, and I have always 
confined my attention to these, throwing away those 
which (lid not bloom during the summer. I have some- 
times kept some of the best examples of the half race 
through the winter for secondary experiments, but I shall 
return to these later on. 

During the period 1889-1892 the second to the fifth 
generation of the half race were grown in this manner, 
the extent of the cultures being gradually increased. 
I always harvested my seed from the most abnormal in- 
dividuals, which I selected by simply cutting oflf the 
flowers with five petals from all the plants. The numbers 
of these on the individual plants were recorded in some 
years but not in others. Pollination was left to the 
l)ees, hut no definite effects of cross-fertilization have 
I)een traceable in the results of the experiments. 

The first two years of the experiment fl889 and 
1890) need only a brief reference. Plants without pleio- 
petalous flowers or with only very few, were removed 
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as soon as possible, or were deprived of their flowers; 
of the rest, only the seeds of flowers with six and more 
petals were saved. But this piocess is not one of selec- 
tion, as will be shown by means of some special experi- 
ments which were instituted later. 

The result of selection could be seen in 1891 in the 
best examples of the half race, but in 1892 (the fifth 
generation of the culture) in nearly all the plants. The 
number of petals increased in every respect. The apex 



Fig. 51. Ranunculus bulbosus semiplenus. Experiments in 
selection during the period 1887-1892. H 1^7, curve of 
the wild form; E 1891, curve of the abnormal plants in 
1891 ; A 1891, curve of the selected seed-parents in 1891. 

1892, curve of the whole crop in August 1892. The num- 
bers at the base refer to the number of petals per flower. 

of the curve shifted to 9 and 10 petals and even further; 
that is to say, the mean of the half race (9-10 petals) 
was separated by selection from that of the pure si)ccies 
(5 petals), a point which is rather striking because this 
was not eflFected in my experiment with Trifolium in- 
caniatum. The course of the whole experiment is ex- 
hibited graphically in Fig. 51 which is composed of four 
curves. The first (H 1887) exhibits the countings given 
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above, which were made in the original locality. Then 
there are two curves for 1891. In this year I had a 
culture of about four square meters from which I re- 
moved, about the beginning of August all plants which 
had not produced any pleiopetalous flowers as well as 
those which had not yet bloomed. For two weeks I 
counted every flower which appeared on the remaining 
specimens. They amounted to 128 and the various de- 
grees of the anomaly were distributed over them as 
follows : 

Number of petals 5 6 7 8 9 10 11 12 13 
Number of flowers 45 24 28 17 8 4 0 1 1 

The curve E 1891 in Fig. 51 is based on these figures. 
It is a half curve like the previous one, but without the 
steep apex. The disappearance of this is due partly to 
cultivation and to the repeated selection, but partly also 
to the fact that the individuals with the smallest number 
of pleiopetalous flowers had been removed before the 
counting took place. 

After these data had been determined I carried out 
a still further selection. Several plants had not produced 
a single flower with more than seven petals. These were 
removed in the middle of August and observations on 
the rest were continued. There were 18 plants, all of 
which were selected for seed-parents as being the best 
representatives of the race. I counted all the flowers 
which bloomed from August 15 to 31, and obtained the 
following numbers 

Number of petals 5 6 7 8 9 10 11 12 13 14 

Number of flowers 9 17 39 64 45 37 15 9 6 2 

'Tn the preliminary account of tln«% experiment, mentioned 
above, this series is given separately in two curves, one of which 
refers to the most abnormal plant, the other to the rest. 
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Total 243. The curve (Fig. 51, A 1891) has be- 
come two-sided. It has no maximum at 5 but a very 
definitely pronounced oite* at 8 It is composed of ob- 
servations made on 18 plants which differ little from one 
another. Individuals with these characters occurred 
neither in the original locality nor at the beginning of 
my experiment. 

The sowing, in 1892, of the seeds of these selected 
individuals gave rise to above 300 plants which were 
coming into flower from July 21 to August 31. The 
curve for 1892 in Fig. 51 refers to these. Those which 
dowered later were examined separately and will be de- 
scril3ed afterwards. On all the flowers which opened 
between the dates named the petals were counted, and the 
numbers entered in my notebook separately for each 
])lant. I give the totals, which relate to 4425 flowers. 
The numbers of petals were distributed over these as 
follows : 

Petals 5 6 7 8 9 10 11 12 13 14 IS 16-31 

Flowers 409 532 638 690 764 599 414 212 80 29 18 20 

The curve which is now an index of the degree of de- 
\’elopment of the whole race, agrees fairly closely with 
that of the selected seed-parents of the previous year 
( 1891 ), as can be seen from a comparison of the curves 
A 1891 and 1892 in Fig. 51. The apex of the curve, 
however, has advanced a whole petal. There has lieen 
no regression as is the case in the selection of active char- 
acters, but a progression such as is usually characteristic 
of the selection of semi-latent characters. 

The change in the right half of the curve is also im- 
portant although not given in Fig. 51. It consists in the 
occurrence of more extreme variants. In the previous 
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generation there were no flowers with more than 14 
petals. Now there are 38, distributed as follows : 

Petals IS 16 17 18 19 20 21 22 23 31 

Number of flowers 18 852111011 

It 'should be noted, however, that they were found 
amongst a group of 4425, and therefore only amount to 
about 1% (0.86%). But as not a single one was found 
in 1891 amongst 243 flowers, a genuine, although only 
a slight, advance has taken place. 

The great majority of the 295 plants which were 
flowering in August and formed the 1892 culture, had 



52 RafiuncuJus hulbosus st^miplcnus. Composition of 
the tiftli generation in i^. A. the curve of some “ata- 
visls", M, the curve of intermediate individuals; V, the 
group of extreme variants. The figures refer to the 
number of petals per flower. 

individual ettrves whose maximum was at 9. But amongst 
their numl)cr were variants and extreme variants also. 
On the one hand there were “atavists” with a maximum 
on the ordinate of five petals, i. e., with a one-sided curve, 
as in those from the original locality ; on the other hand 
there were variants on the plus side Avhich bore on the 
average eleven petals per flower. In one case even a mean 
of 13 petals was reached. These curves were two-sided, 
and not, as in the five-leaved race of the red clover, in- 
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versely ore-sided. But we are dealing here merely with 
a cumulative effect within a half race and not with an 
isolated, fully developed race. I have chosen a numl:)er 
of variants from the two categories, have added up the 
number of their petals, and obtained the following data : 

Petals: 5 6 7 8 9 10 11 12 13 14 15 16 17 18 23 

Numberof flowers^.- 66 34 21 18 IS 11 720010000 

» ** “ “ M: 13 14 22 28 51 26 16 12 6 4 2 1 0 1 0 

K- 9 11 26 39 62 79 148 84 30 8 4 3 2 1 i 

These data are exhibited graphically In Fig. 52. They 
relate to three small groups of individuals, chosen in 
such a way that the curves of the individual plants did not 
exhibit any considerable deviations from the mean of the 
group. A is the curve of the twelve atavists extracted 
from the whole series of observations; the maxima of 
all their curves were at 5 petals. M is a curve represent- 
ing ten plants grown from the seeds of a single seed- 
parent. V is the curve composed of all the plants the 
apex of whose individual curves lay above 10. There 
were 22 of them altogether; the apices of iheir curves 
were at 11, with three exceptions which were at 12 and 
13, but these curves did not exercise any marked effect 
on the shape of the average curve of the whole group. 

If Fig. 51 and Fig. 52 are compared a most remark- 
able similarity will be observed. The latter figure gives 
the composition of my race at the end of a process of 
selection extending over five generations, the former re- 
lates to the separate stages in this process. This mutual 
resemblance lies in the fact that the original half curve 
(Fig. 51, H 1887) continues to appear throughout the 
process, although it is a little flattened; it occurs in 1891 
(Fig. 51, E 1891) and also in 1892 (Fig. 52 A). Ata- 
vistic fluctuation therefore is still exhibited by my race 
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in spite of the repeated selection.^ The curve M has a 
more normal shape than the corresponding curve “1892” 
in Fig. 51 ; which is obviously due to the fact that the 
former represents a homogeneous group whilst the latter 
H a composite curve embracing all the groups of this 
culture. •Curve V is related to curve M as it would be if 
we were dealing with ordinary fluctuating variability ; it 
is simply shifted to one side.^ 

It seems obvious that the race could still be improved 
by sowing the seeds of those seed-parents the apices of 
whose curves are at 11, i. e., that these curves could be 
shifted still further to the right. I have made some such 
sowings since 1892, but only on a small scale and not 
without interruption. They were not intended as a con- 
tinuation of the experiment. The number of petals per 
flower increased slightly, but the type itself was not es- 
sentially altered. I especially never saw a trace of any- 
thing like the origin of a double flower. 

In order to find out whether there was any likelihood 
that the tv]^ of my race would in the near future mani- 
fest an improvement I made the following calculation. 
The 295 plants of which the culture of 1892 consisted, 
arose from the seeds of 21 seed-parents. I selected the 
ten l)est of these parental groups and plotted the curves 
for all the offspring of each seed-parent. The curves 
proved to differ very little from one another. Their 
apices all fell over nine petals, with one exception, which 
was over ten. I should say that in making the calcula- 
tion T have left the groups which contained less than 300 

* Whereas as a result of the selection of active characters the 

wliole curve is shifted: sec Vol T, p 73. r8, and the third part 

of the first \oUiine. 

* Sec Vol T. Fig 1 16, on page 536. 
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flowers out of consideration. But even these did not 
manifest any notable differences. I then compared these 
ten curves with the part-curves determined from the 
parents themselves (i with the number of flowers 
counted on the seed-parents) and found no correlation. 
As a matter of fact the seed-parent with the smallest 
number of pleiopetalous flowers had the offspring with 
the largest number. The following four curves of the 
offspring of four seed-parents are extracted from my 
records. Under M are given the numbers of petals in the 
seed-parents of 1891. 


M NUMBER OF PETALS PER FLOWER 


— 

5 

6 

7 

8 

9 

10 

11 

12 

13 14 15 16 17 18-23 Totals 

C5~10 

37 

47 

81 

81 

85 

102 

47 

31 

6 3 

4 

1 

0 

0 

525 

C 6—10 

25 

67 

80 

75 

117 

77 

75 

45 

30 10 

6 

1 

2 

3 

613 

C 6—11 

54 

53 

62 

78 

87 

60 

59 

37 

10 4 

4 

1 

1 

1 

511 

C 7—11 

52 

57 

76 

77 

95 

64 

26 

13 

0 0 

0 

0 

0 

0 

460 


Another fact which points in the same direction is 
that the plant which seemed to be far the best in the 
summer of 1891, inasmuch as the apex of its curve was 
over 11-12 petals, had offspring whose character cor- 
responded exactly with that of the whole culture of 1892. 
The improvement on the seed-parent therefore did not 
justify tlie expectation of a real advance. 

For these reasons I then discontinued the exj^riment. 
Tt seemed to me that the impossibility of raising the 
double race from my half race by simple selection %vas 
placed beyond all doubt. This result could only he ex- 
pected from a further mutation. 

The extensive material afforded by these cultures 
has been utilized to find out how far the numl^er of petals 
per flower in the half race is determined, apart from 
selection, by internal causes, and how far bv external. 
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I found it to be dependent only to a very slight degree on 
the former but in a high degree on the latter. 

The first question that presented itself was : To what 
principles of distribution does the number of petals on 
the individual plants correspond. Is this number de- 
termined by the situation of the flower, or by external 
factors or by both? With regard to the position of the 
flower Braun in his VerjUngung distinguishes between 
a strengthening and a weakening system of branching. 
In the former the branches increase in strength, though 
often but slightly, with each new degree of division; in 
the latter each secondary branch is weaker than the 
branch on which it is borne. Ranunculus bulbosus be- 
longs to the former category (see Fig. 49 on page 244). 
The main stem (E) is surpassed by the vigorous lateral 
shoots (S), which arise directly from the tuber, and 
these in their turn are excelled by their own (tertiary) 
branches (T in the figure). The same thing continues 
with further growth until ultimately the process is re- 
versed and weaker branchlets are produced. The more 
vigorous a branch is, the larger and stronger, as a rule, 
w ill be its flower. 

If we now compare the number of petals on the 
flowers of this half race, with their position on the 
branches of the various orders, we are often struck by 
an apparently definite correlation. But this is only due to 
the fact that such cases produce a more vivid impression 
than the opposite ones. When a detailed record is made 
the latter are found to be just as numerous as the former. 
In Septeml)er 1892 I determined the number of petals, 
and the position on the plant, of 1197 flowers on 82 
plants ; and plotted a curve for each position. Here how- 
ever I only give the means of the curves. 
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FLOWERS 

NUMBER OF 
PETALS 

PER FLOWER 

A. 

On the main stem: 

1. Terminal flower 

75 

697 

9.3 


2 . Secondary flowers 

221 

2005 

9.1 


3. Tertiary “ 

134 

1237 

9.3 

B. 

From the tuber: 

4. Secondary flowers 

259 

2419 

9.3 


5. Tertiary 

397 

'3716 

9.4 


6 . Quaternary “ 

111 

1014 

9.1 



n97 

11088 

9.3 


It is evident that the number of petals in the various 
groups is practically the same.^ 

Even the seeds of pleiopetalous flowers are by no 
means better. In gathering the harvest of 1891 I col- 
lected the seed on each plant in a separate bag with ref- 
erence to the number of petals of the flowers. The flow- 
ers were labelled for this purpose at the time of flowering. 
In the culture of 1892, therefore, the plants were arranged 
in groups, first according to their seed-parents, and sec- 
ondly according to the petal-number of the flowers from 
which the seed had been gathered. I then grouped all of 
the figures by the latter character and obtained the fol- 
lowing result: 


NUMBER OF PETALS IN THE 

MEAN NUMBER 

NUMBER 

FLOWERS WHICH 

OF PETALS 

OF flowers 

FURNISHED THE SEED 

OF THE offspring' 

COUNTED 

C5-7 

8.3 

932 

C 8 

8.7 

1072 

C 9 

8.5 

1217 

C 10-11 

8.6 

1420 

C 12-14 

8.7 

919 


Average 8.6 

Total 5560 


^ In the weakening system of branching on the other hand the 
contrary seems to be the rule ; so for instance in my cultures of Sapo- 
naria oMcinalis with 5-10 petals, in Chrysanthemum segctum (§ 18) etc. 

•The mean is slightly lower here than in the previous table be- 
cause that only refers to countings made in September. (Sec later.) 
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Here again there is no discernible correlation. I have 
obtained the same result in other years. From this we 
see tliat in this case at least selection must not be founded 
on the different flowers of a plant but on the individual 
plants. However, the possible influence of the various 
grades of branching independently of the number of 
])etals remains to be investigated. 

But whereas no internal causes were found which 
determined the pleiopetaly in the individual flowers, tlie 
external causes could be discovered the more readily. 
Tliis character follows the general rule; for the higher 
the nutrition and the more favorable the environment 
the more petals are produced per flower. The following 
cx])crinients and ol:)servations will prove this. 

I sliall first refer to an observation for which un- 
fortunately I can give no numerical corroboration, but 
which may throw some light on the independence of the 
character of the flowers, of the order of branching. In 
the summer of 1892 when I examined all the flowers of 
my culture, and recorded the number of their petals twice 
a week, I was struck by the fact tliat the high numbers 
fell on particular days whilst on other days only low or 
intermediate numbers were observed. This would seem 
to indicate that during the development of the flowers 
in May and June pleiopetaly is influenced by weather 
conditions, in such a way that flowers which are in the 
susceptible period of their development during fine 
weather will produce more petals, quite independently 
of the order of the branch which bears them. 

This conclusion is supported by another set of obser- 
vations. In September 1892 the flowers, on the whole, 
produced more petals than they did in Augiist of the 
same year. Or, to be more accurate, the numl^r was greater 
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on those plants which opened their first flower in Sep- 
tember, than on those which had already begun to flower 
in July and August. The number of individuals of the 
former group was 77; they produced 1134 flowers du- 
ring the period ending with the beginning of November, 
when I stopped recording. In the other group there were 
295 plants which flowered, and they produced 4425 flow- 
ers. The distribution was as follows:^ 

Petals: 5 6 7 8 9 10 11 12 13 14 IS 16-31 

Oldest plants. 409 532 638 690 764 599 414 212 80 29 18 20 

September plants; 40 52 126 165 204 215 177 104 35 8 4 0 






Fig. 53. Ranunculus bulbosus semiplenus. A, curve of the 
plants flowering in August; S, curve of those flowering 
in September The figures at the base refer to the num- 
ber of petals per flower. 


These figures are exhibited graphically in h"ig. 53 ; 
they have been reduced for convenience of comiiarison 
so that the numbers in the two groups are about the same. 
The apex of the curve of the early flowering plants is 
over the 9; it is the same curve which has already been 
given in Fig. 51 on page 249 for the year 1892. The 
other curve has its apex over the 10, and also remains 
above the other curve in the right half of its course. 

The cause of this difference can only lie in the re- 
tarded germination. Either the seeds which germinate 
later are intrinsically more productive of pleiopetalous 

' See above, p 25^ und Fig. \ 1892) . 
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flowers^ (like the small, late-germinating seeds of the 
(Timson clover), or germination in the height of the 
Summerlin better and particularly in warmer weather 
favors development in such a way that the flowers are 
richer in petals; for the plants which flowered in July 
and August, germinated for the largest part during the 
cold and unfavorable weather experienced in May shortly 
after they had been sown. 

I first made an experiment to determine the influence 
of nutrition on pleiopetaly in 1890. I had wintered the 
selected plants of 1889, and in March transplanted half 
of them on a bed of pure sand, and the other half on a 
bed of ordinary garden soil. Only two-thirds (i. e., 12) 
of the liants of the former lot flowered, whilst all of the 
latter did. On the sandy bed I counted the petals of all 
the flowers and about twice their number on the control 
bed i)y simply picking ofif all the open flowers on alternate 
days. I examined in all 75 and 147 flowers respectively. 
The f(dlowing is the result reckoned in percentages for 
convenience of comparison: 

Number of petals: 5 6 7 8 9 10 

On the bed of sand* 73 23 4 0 0 0 

On garden soil: 53 26 14 5 1 1 

The plants on the better soil produce distinctly fewer 
fivc-petallcd and more 7-10 petalled flowers. It is per- 
haps permissible to conclude from this that the steep drop 
of the curve from the wild locality, where the soil was 
sandy is, to a large extent at any rate, due to low nutri- 
tion. F(^r presumably the same plants would exhibit a 
higher degree of pleiopetaly if grown on better soil and 

^ With regard to this, it would he of great interest to find out in 
this and other plants the degree of de\elopment of the anomaly in 
such individuals which do not germinate until two or three years 
after the sowing of the seed 
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so give rise to a less steep curve, just as in the experiment 
under consideration. 

I made a corresponding experiment in the summer of 
1891, on the effect of manured and unmanured garden 
soil, with the race which was by that time considerably 
Improved (Fig. 51 and page 250). The manuring was 
done with guano; the two beds lay next to one another 
and were of the same size. On each was sown half of 
the harvest of several plants which had been very pro- 
ductive of pleiopetalous flowers in 1890. In the course 
of the summer 159 flowers on the unmanured bed opened 
and were recorded and 376 on the manured. The rela- 
tion between these two numbers is the best measure of the 
effect of the manure. The results, reckoned irsipercent- 
ages, are as follows: 

Petals: 5 6 7 8 9 10 11 12 13 14 

Without manure: 12 IS 25 21 12 10 3 1 1 0 

With guano: 14 15 17 21 14 9 4 3 2 1 

Without manure the apex of the curve was over the 

7 and there were very few flowers with more than eleven 
petals : with manure the apex was over the 8, and there 
were distinctly more pleiopetalous flowers. 

In both the above experiments the control material 
consisted of other individuals than those used for the 
experiment itself. It is possible, however, to subject the 
same plant alternately to favorable and unfavorable in- 
fluences, and when this is done the same result is ob- 
tained as in the previous cases. With this object 1 trans- 
planted a series of the best plants of 1892 to a very dry 
bed in the spring of 1893. I left them there, and did 
not water them although the weather was continually 
dry. They suffered visibly under this treatment and 
some of them even produced fewer flowers than in the 
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previous summer. I have a record, which has been al- 
ready alluded to, of the number of petals of all the 
flowers^ of each of the plants of 1892 ; these were recorded 
in the same way in 1893. But I only give here the mean 
numbers of petals per flower. 


PLANTS 

NUMBER OF 

MEAN NUMBER OP 

differ 

FLOWERS 

PETALS PER FLOWER 


1892 

1893 

1892 

1893 


No. 1 

25 

14 

11 

9 

2 

No. 2 

43 

19 

9 

5 

4 

No. 3 

9 

14 

10 

6 

4 

No. 4 

44 

5 

8 

5 

3 

No. 5 

12 

18 

10 

8 

2 

No. 6 

16 

21 

9 

8 

1 


Theiilnomaly was thus diminished on every single 
plant as the result of transplanting to dry earth. 

1'he results of all these experiments prove that the 
production of more than five petals in a flower is inde- 
pendent of the position of this flower on the plant, but 
on the other hand is dependent in a high degree on the 
external conditions under which the particular flower 
passes its early stages, i. e., the most susceptible period 
of its existence. The number of jxjtals varies directly 
with the vigor of the ])lant, the moisture and richness 
of the soil, the warmness of the weather and even the 
amount of sunshine during this susceptible period. 

Cultivation in the garden is therefore bound to con- 
vert the steep half curve of the wild locality (Fig. 51 
for 1887) into a flatter one which will gradually extend 
to higher nnmliers of petals and will ultimately develop 
a new apex. 

This process, however, takes place more conveniently 
and more certainly, if the cultivation is combined with 
selection (see the same figure). The latter process picks 
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out the plants which manifest the anomaly most abun- 
dantly and most strongly ; these must, however, according 
to the facts given, as a rule, be the best nourished ones, 
i. e., the most favored by their environment For on 
the same bed, even if it has been uniformly prepared with 
the greatest care, the conditions under which neighboring 
plants grow are often very different. One seed may 
germinate in a place in which moisture is better retained ; 
another may germinate in almost dry soil. Some germi- 
nate on warm and fine days and are in consequence ahead 
of their less favored brothers for their wliole lives; and 
so on.^ And so it is that the several plants from seeds 
of the same seed-parent sown on the same day and on 
tlie same bed, are necessarily exposed to diverse condi- 
tions of life. Amongst them selection picks out the best 
and therefore, at least as a general rule, the most highly 
nourished ones. Selection, so to speak, only precipitates 
the operation of these external factors ; as we have pointed 
out before in connection with Papaver somniferum poly- 
ccphaliimr 

Selection and cultivation have, therefore, worked in 
tlie same direction in my experiment for four genera- 
tions. They have about doubled the mean number of 
])etals per flower, having brought it, in fact, to 9-10; 
they have produced, amongst several hundred plants and 
several thousand flowers, no more than three flowers with 
more than twenty petals (C 21, C 23 and C 31), i. e., 
not essentially more than would be expected according to 
Quetelet\s law from the actual mean and the amplitude 
of variation. These flowers occurred perfectly fortui- 
tously on plants which were not particularly favored oth- 
erwise, the means of the curves being only 10 for each 
' See Vol T, p. 138. • See Vol, I, p. 140. 
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of the three plants. We are thus justified in concluding 
that by the selection of these plants as seed-parents the 
mean of the race might further be slightly improved 
during the course of some years, but that these extreme 
variants afforded no more hope than did the others, of 
the attainment of the double race. 

Cultivation and selection cooperate in the direction of 
the desired end ; they lead the half race measurably fur- 
ther on this line, but it is not through them that the 
object can be attained. The half race remains a half 
race, in spite of every effort and care, the semi-latent 
character expresses itself oftener and oftener, but it does 
not succeed in becoming the equal of the normal active 
characters, i. e., in constituting the mean character of a 
new race, independent of the continuance of selection 
and favorable cultural conditions. 

To arrive at this result a process of an entirely differ- 
ent nature is evidently required. According to the cur- 
rent theory of selection the goal would be reached if the 
experiment could be continued for tens or hundreds of 
years. But the course of the experiment we have de- 
scribed does not support this view ; it shows, on the con- 
trary. that all that can ever be gained by nutrition and 
selection has already been secured in these five genera- 
tions. The actual result is the production of an elite 
race which has a mean number of 9 petals in the flowers, 
under the favorable conditions of culture which obtained ; 
and gives rise, according to environmental conditions, on 
the one hand, to better variants (with a mean of about 
11-13, or perhaps a few more, petals) while, on the other, 
it throws off atavists with a half Galton curve (see 
Fig. 52 on page 252). 

It is my opinion, howeve’*, that if the culture of the 
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half race were still continued, the double race would 
some day appear quite suddenly, and that it would then, 
after a short but sufficient isolation, persist as a constant, 
though highly variable, race.’ 

§ 24. VARIEGATED LEAVES. 

Variegated plants have long been great favorites in 
the garden, and their great instability has contributed 
largely to the development of the horticulturnl concep- 
tion of a variety, for the variations in their color pattern 
are practically unlimited. Hardly any two leaves are 
alike, and many species have a whole series of dappled 
and flecked varieties. They also possess the striking 
property of continually and conspicuously reverting to 
the species to which they belong. Such reversions occur 
either amongst seedlings or as bud-variations, and since 
on shrubs and trees these latter often remain for many 
years and not rarely in more than one instance on the 
same plant, they can be seen by every one. In this way 
these bud- variations have come to be regarded as a suf- 
ficient proof of the idea that varieties are derivative and 
unstable structures, which always tend to revert to their 
parent species. 

Especially in the first half of the eighteenth century 
were plants with speckled and striped leaves very much 
sought after.^ About that time the well-known English 
gardener Thomas Fairchild possessed more than one 
hundred varieties of them in his garden, and afterwards 
ScHLECHTENDAHL published a list from which it can 
be seen that variegation is distributed over the whole 

'I. e., as an eversporting variety with a wide amplitude of varia- 
tion which however would not alter in the course of the generations. 

•Meyen, PHamen-Pathologie, 1841, p 282. 
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vegetable kingdom and occurs in all the larger groups 
and especially in most families of flowering plants.^ 

At that time some of the most widely cultivated forms 
were the ribbon grass, Phragmites arundinacea varicgata, 
and the variegated holly, Ilex A qui folium. Both are 
still much grown in gardens, the ribbon grass being rela- 
tively uniform, the holly highly variable. Of the latter 
there is a variety with white-edged leaves, besides the 
(ordinary one with flecked leaves. Phragmites is diflfer- 
ent in many respects from genuine variegated plants and 
is much less variable in its character. The Ilex, however, 
is highly variable and often bears green shoots which 
may soon supersede the others on account of the greater 
facility with which they can obtain nourishment. A fine 
variegated bush of this species, or of any other, may be- 
c(mie entirely green, whenever the green branches are 
not cut away every year. Thus it is probable that many 
specimens of the holly, which are now quite green, were 
originally variegated and were bought and ])lanted as 
such. On closer examination we often find on them an 
occasional variegated twig which proves the correctness 
of this supposition. 'J'his is also the case with the horse 
chestnut, of which many older trees still living w^ere 
planted at a time wdien the variegated variety was in 
sj)ecial favor. Since then their foliage has become green 
and their original character is no longer seen. But an 
occasional checkered branch, or even the numerous small 
tw'igs wdth white leaves along the main stem, betrays the 
original variegated condition of the specimen. In the 
same way many cases of single variegated twigs on 
green bushes and trees are not to be regarded as the indi- 

* SciiLECiiTENPAHL, Lhiwra, 1830. V, p. 494 Very little seems to 
be known about variegated mosses and thallophytes. 
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cation of something new but as a reminiscence of times 
long past when these varieties were in general favor. 

Variegation is classified under several headings. In 
the first place there are the yellow and the white varieties. 
In the former the chlorophyll is only insufiiciently pro- 
duced, but in the latter even the xanthophyll or carotin 
is lacking;^ and a more or less abortive development of 
the chloroplasts is usually correlated with the absence 
of these pigments.^ 

Further we distinguish marginate, flecked and striped 
sorts. The former seem to constitute a variety for tiiern- 
selves and are much rarer than the latter ; they appear to 
be good races, that is, to be as constant as any ordinary 
garden variety, but I shall have little to say about them 
in this part. The most characteristic and best known 
example of them is the white bordered holly to which 
we have already referred.*^ 

Whether a plant is flecked or striped depends as a 
rule on the mode of venation of the leaves. Many varie- 
gated monocotyledons have striped leaves {Agave, Con- 
vallaria majalis, Phormium tenax, Tradescanfia re pens, 
etc.) whereas the dicotyledons are usually flecked or 
streaked. 

The incomplete development of the chlorophyll ob- 

* See T. Tammes, Ueber Carotin, Flora, 1900. 

*For further information on this point see the elaborate ana- 
tomical studies of A. Zimmermann, Ucher die Chromatophoren in 
panachirten Slattern, in Beitrage zur Morphologie und Physiologic 
der Pflanzenzelle, Heft IT, 1891, pp. 81-in, '’nd Ber. d. d. hot. Hcs. 
VIII, 1890, p. 95. Also H. Tim PE, Beth age zur Kenntnus dcr 
Panachirung, Inaug.-Diss., Gottingen, 1900. 

•Marginate forms are commonly supposed by gardeners to be 
more stable than flecked ones. This fact was noted ^ Morren in 18^)5. 
{HMdtti de la panachure. Bull. Acad. roy. Belg., T. XIX, 2d series, 
p 225). Verlot however maintains the opposite opinion (Des Vart^- 
t^s, 1^5, p. 74). For information relating to variegated varieties of 
Ilex see Focke, Ahh. d. Naturw. Ver. zu Bremen, Vol. V, pp. 401-404. 
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viously results in an insufficient assimilation of carbonic 
acid gas. Thus the variegated parts grow less vigor- 
ously and are less resistant than the corresponding green 
ones. The Cyperus alternifolius of our greenhouses, the 
Aspidistra elatior and a number of other favorite varie- 
ties show this clearly. Arundo donax often attains a 
height of three or more meters whereas its striped vari- 
ety is scarcely half that height. Leaves of the variegated 
Aspidistra very often have one of their longitudinal 
halves green, but the other colorless. In such cases the 
leaf is distorted owing to the insufficient growth of the 
colorless half. The same thing happens in many other 
cases. 

The yellow leaves and parts of leaves, however, are 
not entirely without the green coloring matter, nor wholly 
without the power of assimilation. Most of them give 
a green extract when put into alcohol, and if examined 
under the microscope patches of green tissue can be found 
here and there, especially near the veins. The power to 
sustain life, however, is often lacking and the leaves die 
shortly after their growth is completed. Therefore, a 
high degree of the anomaly is not in favor, because the 
plants which possess it often become disfigured by the 
edges of their leaves turning brown. Many plants in 
which the variegation has gone too far die in their very 
early stages, while others have not sufficient strength to 
flower and bear seed. This latter circumstance is of 
special interest because it follows that plants with a high 
degree of variegation as a rule can have no part in the 
])ropagation of the variety.^ In the opinion of some 

* It is perhaps scarcely necessarj^ to state that these remarks do 
not appljf to brown and purple leaves or those with red spots. For 
information on this point see Stahl's excellent article Ueber hunte 
Lauhblattcr, Ann. Jard. Bot. Buitenzorg., Vol. XIII, Pi. 2, 1896, p. 137. 
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authors another fact is connected with this, viz., that 
varieties which have botji variegated leaves and double 
flowers are much rarer than would have been expected 
from the prevalence of these two anomalies in horti- 
culture.^ 

In variegated plants, as is well known, not only the 
leaves are flecked. Their stems and calices are also often 
variegated, and the same is true of the fruits (pears, 
grapes, the siliquae of cabbage, Barbarea vulgaris, Chei- 
ranthus Cheiri, Alyssum maritimum, Acer, Ilex, Aego- 
podium, Ligusticum, etc.).^ I have also sometimes found 
galls on variegated oaks to be variegated, esi^ecially in 
the case of the beautiful orbicular galls of Cynips Kollari. 

I shall now proceed to the important question of the 
inheritance of this abnormality or the degree of fixing as 
it is usually called. As already stated I shall exclude 
from consideration the white-flecked^ and the marginate 
forms of variegation, and shall confine myself to the 
ordinary cases of yellow variegated leaves. I shall give 
the numerical proofs of my conclusions later, and shall 
now proceed to deal with the question whether variegated 
sorts are half races or intermediate races (see Chapter 
II of this part). 

In my opinion the great majority of the variegated 
garden varieties are intermediate races, as for instance 
Barbarea vulgaris] whereas wild plants which occasion- 
ally present this character represent half races. Their 

' B. Verlot, Sur la production et la fixation des variety dans les 
plantes d*ornement, 1^5, p. 75, Also Morren, HiriditS de la pana- 
chure, loc. cit., p. 226. 

* Morren, loc. cit., p. 233. 

*1 have not myself made any observations on this phenomenon 
(Albicatio, Albinismus) and the published records of it are very 
scanty. The fine white-variegated Humulus faponicus variegatus 
would be well worth experimenting with. 
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multiformity and instability corroborate this view. It 
is only the commonness of variegated sorts and the great 
interest which attaches to them which brings them to be 
regarded as analogous to the best constant varieties. 
Moreover this view is supported by the general opinion 
that a complete development of the yellow color would 
characterise the supposed constant variety, but that it 
would at the same time of necessity lead to the destruc- 
tion of the plants. In this conception variegation is re- 
garded as an incomplete anomaly whose complete con- 
dition would involve its own destruction ; but this view 
is incorrect.^ Complete yellow varieties are not only pos- 
sible and capable of existence but actually well known in 
horticulture, although the number of such forms is small. 
Instances can be found in seedsmen’s catalogues; e. g., 
Sambucns nigra aurca and Fraxinns excelsior aiirea, also 
the anrea varieties of Chrysanthemum earinatum, Mira^ 
bilis Jalapa, Seahiosa atropnrpurea, Humuhis japonieus 
(lufeseeus) etc. These plants, so far as I know, are all 
either yellowish-green or golden-yellow.- They also ap- 
jx'ar to be very constant and never or very seldom to 
revert to the green ty])e, I have made a number of ex- 
perimental sowings on a large scale of the seeds of the 
ordinary golden-yellow variety of Chrysanthemum Par- 
iheuiunP (Matricaria eximia uana com pacta foliis aureis 
Ilort.) and did not find amongst the many hundred ex- 
amples a single atavist ; neither green nor variegated seed- 
lings occurred. But amongst other commercial seeds I 
have not found so great a degree of purity, the admixture 

* See § 3 of tliis part (pp. 18-26). 

*T have not grown all the above forTn*; myself; and it should be 
noticed that the name aureus does always relate to uniformly 
colored sorts, e. g., Agave striaia aurea. 

•ViT.MORiK, Blumcng'artnerei, Vol. II, p. 500. 
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of green plants, however, not being larger than iniglit 
as a rule be expected fi:oni commercial seeds. For in- 
stance, Stellaria graminea aurea gave only 28% and Myo- 
sotis alpestris compaeta foliis aureis only 3% of green 
seedlings. But even in these cul^^ures ^Jiere were no 
variegated plants. 

The fact that the aurea varieties give a green extract 
in alcohol and contain sufficient chlorophyll for their 
nutrition does not need special mention. 



Fig. 54. Thymus Scrt>yllum. The ordinary Thyme ; a 
plant with a variegated hrancli H 


The aurea varieties and the yellow variegated sorts 
owe their character to the masking of the green pigment 
by the yellow which is developed in the former case all 
over the leaf, and in the latter only in certain tracts. 
The majority of variegated plants are analogous to those 
numerous half races which manifest their anomaly (which 
may be doubling, pitcher fonnation, the production of 
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qiiadri foliate leaves, etc.) only in isolated organs and 
jjarts of organs. Some sorts I regard as analogous to the 
double varieties, whilst the aurea varieties are probably 
just as constant as the Varietates discoideae and as the 
best elementary species. 

The very general occurrence of variegated plants 
points to the conclusion that the latent capacity for varie- 
gation is widely distributed throughout the vegetable 
kingdom. Moreover the fact that branches and whole 
plants with this character are met with every year in 
new species both in the garden and the field points in the 
same direction. In this connection I may mention the 
fact that forms with white variegated or white- or yellow- 
edged leaves occur only rarely. I observed an instance 
of the latter in a wild specimen of Oenothera Lamarck- 
tana (1887, sec. Vol. I, p. 480) and of the former I 
found specimens in Spiraea Ulmaria, Calhina vulgaris, 
Trifolium pratense, Lychnis diurna in 1886 and 1887 in 
the neighborhood of Hilversum. In the above mentioned 
years I found yellow variegated plants of Plontago major, 
Phalaris arundmacea, Rhinanthus major, Erica Tetralix, 
Urtica urens, Hypericum perforatum. Trifolium pra- 
tense, Hicracium Pilosella, Rubus fruticosus, Polygonum 
Convolvulus and Geum urbanum. In 1869 I found a 
l)eantiful variegated specimen of Arnica montana in the 
Thnringian Forest and later one of Plantago lanceolata 
in Saxon Switzerland, and one of Thymus Serpyllum 
near Wyk aan Zee in Holland (Fig. 54), and I have 
since frequently found occasional variegated specimens 
of other wild species. In the same way they appeared 
in my own cultures where there can be no question but 
that they have been preceded by many generations of 
purely green ancestors; so for instance in Chrysanthe- 
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mum segetum. Antirrhinum majus, Polygonum Fago- 
pyrum, Linaria vulgaris, Silene noctiflora etc. 

The large scale on which I have conducted my ex- 
periments with Oenothera Lamarckiana has enabled me 
to watch the origin of variegated forms in that species 
more closely. Here they appear almost every year from 
green ancestors, and in the most widely different experi- 
mental families and elementary species.^ Instances of 
it I found in the main Lamarckiana families, first in the 
original wild locality, then in 1889, 1890, 1892, 1895, 
1898 and 1899 in my cultures, arising from series of 
seed-parents which were in every case green plants ; 
also in O. rubrinervis in 1891, 1893 and 1894; in 0. 
laevifolia in 1891, 1894 and 1899; in O. snblincaris in 
1896; in 0. lata in 1890 and 1899; in 0. nanella in 1890, 
1896 and 1899; in 0. scintillans in 1898 and so on; also 
from the crosses O. lata X O. cruciata and 0. Lamarck- 
iana X 0. Lamarckiana cruciata and others. In 1899 
only eight variegated plants arose in my whole cultures 
which consisted of over five thousand plants of Oeno- 
thera, that is, between 0.1 and 0.2%. But in the field 
the anomaly was evidently much rarer. 

One of the most striking phenomena presented by 
variegated plants is the so-called twig or bud-variation. 
From a bud a branch arises which is unlike the whole 
of the rest of the plant in the character of its variegation, 
and in this case both variegated plants bearing green 
twigs occur and conversely plants whT'h have hitherto 
been green may l^ear stray variegated branches. In both 
cases a latent potentiality is manifested. 

The appearance of green branches on variegated 
plants is generally regarded as a case of atavi.sm, that is 

^ See also Vol. T, p. 480. 
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reversion to the parental form. It is especially common 
on woody species and in shrubs. Evonymus japonica, 
Quercus pcdunculata, Weigelia amabilis, Cornus san- 
guinea \nd many others afford well-known examples. 
Others are found amongst perennials and perhaps best 
of all in Arabis alpina. I may cite as further instances 
partly from the literature on the subject and partly from 
my own observations: Castanea vcsca, Kcrria japonica, 
Acsculns Hippocastanum, Yucca pcndula aurea, Ulnius 
campestris, Zea Mays, Rubus fruticosus and so on. 

The green branches can obtain nutrition better than 
the variegated ones. Therefore they grow more vig- 
orously and become stronger during the course of 
years, and very often overgrow the others. As a rule 
all their leaves and branches are pure green, and they 
look as if they had entirely lost the capacity for varie- 
gation. But this is not the case, for sometimes we see 
single variegated twigs on these green branches. Arabis 
alpina is especially instructive in tliis connection, for it 
often gives rise to variations from its buds, and since 
it is easy to .separate these and cultivate them further. 
Analogous cases of this double reversion, as it may be 
called, were observed by me in 1893 in Castanea iwsca 
7'ariegata and Kcrria japonica variegata wliich bore a 
little variegated twig on a green branch; and the same 
has been observed in other cases. 

The deficient nutrition frequently makes the varie- 
gated leaves smaller than the green ones. If the pigment 
is mainly absent in the margin of the leaves this becomes 
too small for the middle area and the whole leaf becomes 
crumpled. A unilateral checking of the growth leads 
to a corresponding bending. It is due to these circum- 
stances that the habitus of variegated plants is often so 
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different from that of the typical form, but as soon as 
reversion occurs through bud-variation all these second- 
ary characters are dispersed at once, the green leaves be- 
coming flattened out, assumirig the normal form, and 
often attaining twice the size of the variegated ones. In 
this way the reverted branch easily strikes the eye. I ob- 
served this most beautifully in Castanca vesca and Uhnus 
campestris, but Kerria japonica and many other s])ecies 
sliow it as well. 

The question which buds are most likely to give rise 
to atavistic branches has been much discussed, and the 
general opinion seems to be that the rhizome and the 
adventitious buds on the roots are most prone to rever- 
sion. Thus Glechoma hederaceuin varicgatim often pro- 
duces green runners^ whereas the variegated Tussilago 
Farfara breeds true from its runners. For the last ten 
years I have had a variegated plant of Rubus fniticosus 
which has produced both green and variegrted plants 
from its radical buds in proportions which vary according 
to conditions, and to the year. It seems to me probable 
that the weaker buds are most likely to give rise to ata- 
vists; but since this results in the production of green 
branches which grow much more vigorously than the 
neighboring variegated ones, it is not easy to decide this 
point.2 

Variegated branches on green plants are almost as 
common. It is the general idea amongst gardeners that 
the numerous variegated varieties of v^oody plants have, 
with few exceptions, arisen in this way. One of these 

^Verlot, he. cit., p. 78. 

®Tn papers on this subject we often come across an expression 
of the opinion that it is the stronj^est branches which become green; 
but this view, no doubt, is largely due to a misapprehension of the 
relation between the cause and its effect, as explained in the text. 
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exceptions is IVeigelia amabilis variegate which was 
raised by Van Houtte^ from the seed of the green 
variety ; another is the variegated grape raised by 
Knight.^ In many cases a record of the original dis- 
covery has been preserved. Thus Wolff^ states that 
he found a variegated branch on a bush of Spiraea opuli- 
folia\ the leaves were whitish green with a sulphur yel- 
low margin, marked here and there with dark green 
flecks. The new form was easily multiplied by cuttings 
and appeared on the market as Spiraea opulifolia hetero- 
phylla fol. aur. marg. 

In nature bud-variations of this kind are also occa- 
sionally found, and it seems that this is almost the only 
bud-variation which is met with amongst wild plants, 
for usually this phenomenon is observed as a case of re- 
version on cultivated varieties or on hybrids. I myself 
have found very beautiful and large variegated twigs in 
Qticrctis pedunculata, Bctula alba and Fagiis sylvatica 
in the forests near Hilversum; in each case there was 
one large variegated branch on an otherwise green tree 
amongst hundreds or even thousands of perfectly green 
individuals. 

On the variegated branches the variegation often ap- 
pears unilaterally. The anomaly is developed laterally 
or unilaterally, or to use a more accurate expression, 
sectorially. For in the vertical projection of the branch 
there is usually only one sector which is variegated ; some- 
times one-half, sometimes one-third, and often even a 
smaller section of the circumference of the stem being 
affected.'* The sectorial variation behaves in the same 

* Verlot, loc. cit, p. 74. 

•De Candolle, Physiologie, II, p. 734. 

•Gartenflora, Vol. XXXIX, 1890. p. 9 - 

* A study of sectorial variation in relation to the divisions in the 
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way in this case as in that of the striped flowers. The 
buds in the axils of the leaves on the variegated sectors 
usually produce variegated bx'anches, but those of the 
green sectors green ones. Breeders take this fact into 
consideration in the choice of buds for use in the multi- 
plication of variegated forms, as we have already seen.^ 
It seems that the bud-variations, that is to say both the 
progressive (producing variegation) and the retrogres- 
sive or atavistic ones, are generally the result of a pre- 
ceding sectorial variation. But in most cases all traces 
of the latter are soon lost. In Quercus pcdunculata 1 ob- 
served, as I have already mentioned, a variegated twig 
on a green bush. In this case the variegation extended 
on to the bark and the color of the branches of the pre- 
ceding years could thus still be recognized. The main 
branch proved to be unilaterally variegated and the varie- 
gated twig arose from this side. The branches at the 
other side were green (Hilversum 1886). When the 
leaves are arranged in two rows as in Castanea vcsca, 
Ulmus campestris etc. the leaves on one side of the 
branch may be variegated and on the other, green. In 
such cases I found the lateral twigs on the older parts 
on the green side to be entirely green and tliose on the 
variegated side entirely variegated; but I might repeat 
here that there is still a tendency in the green branches, 
even if only a slight one, to produce variegated leaves. 
The contrast between green and variegated is therefore 
not nearly so great as would appear at first sight. 

We have now to consider the question of the in- 
fluence of external conditions on the degree of variega- 

apical cells would be of great interest, especially in the Conifers and 
vascular Cryptogams (e. g., Juniperus, Adianthum, Selagtnella etc.). 

‘ See Salter's method, Vol. I, Part I, p. 147. 
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tion.^ On this point the literature is rich in contradictory 
information. This contradiction is probably mainly due 
to the fact already mentioned that the green parts are 
so ver/ much stronger than the variegated ones. This 
strikes the eye so forcibly that the idea easily arises that 
the strongest parts of tlie variegated plants are most liable 
to become green and the weakest branches of green 
plants most likely to become variegated. In my opinion, 
however, this conclusion is incorrect. The relative vigor 
is determined by the anomaly, but from this it by no 
means follows that the anomaly, in its turn, is determined 
l)v it. So far as my experience goes the reverse is the 
case, and variegation forms no exception to the general 
rule for semi-latent characters, that favorable conditions 
increase the intensity of the anomaly. 

The best instance that I know is furnished by the 
variegated horse-radish (Cochlearia Armoracca varic- 
gata), which with unfavorable treatment is almost green, 
hut under glass or m a cold frame may even become en- 
tirely while. Plants growing in the open in a sunny posi- 
tion are often beautifully variegated, whereas in shady 
])ositions they are a much darker green. The same is 
true according to Schleciitendahl of Plecfogyne varic- 
gala on the leaves of which a greater or lesser number 
of white strii)es can be induced at will by merely trans- 
planting it.- Fragaria indica varicgata is a favorite 
])lant for hanging-baskets. If one wishes it to he nicely 
variegated it must be planted in good dry soil, not too 
loamy or calcareous.''* The same is true of the striped 
sorts of the ordinary strawberries, in which, as Ver- 

’ E. Laurent. Sur Vorigine des varietes panachies. Bull. Soc. 
R Rot Belgique. Vol. XXXIX, 1900, pp 6-9 

" Bot ^cifutig, 1855, p 558 

® Vh.morin-Andrieux. FU'ttrs de plcinc ifnc, p. 408. 
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LOT^ says, '^La panachure pent s'obtenir pour ainsi dire 
a volonte/' by merely growing them in a dry position. 
A dry position is however at the same time as a rule a 
sunny one, whereas a damp one, as a rule, is shaded. 
Experiments which I have conducted wHh these and 
several other variegated sorts of various species, in order 
to determine the influence of daily and profuse watering 
in full sunlight on variegation, have been without any 
positive result. On the other hand I succeeded with 
Tradescantia repens in controlling the proportion of yel- 
low and green stripes. In this experiment I cultivated 
the plants in pots and simply removed the pots to better 
or less well-lighted parts of the greenhouse without alter- 
ing the soil or the amount of water I gave them. The 
more intense the light the more variegated were the new 
leaves that were formed.^ 

On variegated shrubs we often see that in the better 
lighted parts variegation is more intense and in the shadec' 
ones less pronounced. Even variegated conifers such as 
the Juniperus, may show this, and it is well known to be 
the case with Sambucus nigra. The variegation in myr- 
tles with striped leaves is also dependent on nutrition;" 
and various authors and gardeners hold that the soil and 
position exert a more or less important influence on the 
degree of variegation.** Pelargonium sonale, ConvaL 
laria majalis, Mentha aquatica, Phalaris arundinacea, 
Phlox decussafa and others are given as instances. Such 

^Verlot, he. cit., p. 76. 

•For facts relating to the influence of galls on variegation in 
Eupatorium cannabtnum see Vol. I, p. 407. 

* Meyen, P 0 ansen-Pathologie, p. 287. 

* As for liiRtance Salter, quoted in Darwin, Variations, II, pp. 
263 < 264 . 

* Darwin, loc. cit, I, p, 390 ; II, p. 263 
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plants are often entirely green during years of improper 
treatment, but with due care can be restored to the varie- 
gated condition.' 

The degree of variegation is not only dependent upon 
the conditions of growth but also on the time of the year. 
If we look closely at variegated plants in green -houses 
we shall see that the branches which arise in summer are 
beautifully flecked, whereas those which arise in winter, 
when they get less light, are much greener and sometimes 
even quite green. This at least is true in our climate; 
but one must remember that the leaves formed in sum- 
mer remain on the shrubs through the winter, and 
undergo no further change in their variegation. There- 
fore it is not the general appearance which is dependent 
on the time of the year. Quercus pcdunculata argcnfco- 
picta is green in spring, but becomes white or variegated 
later on.^ Young plants are often still green in spring 
even though later they may become variegated, as for 
instance, Symphytum, Barbarea vulgaris, etc.'^ I have 
observed in a culture of Geum urhamim, which I have 
kept up during several years, that the variegated speci- 
mens gradually develop green leaves in the autumn and 
lose the variegated ones. In winter they were almost 
completely green, but as soon as life awoke in the spring 
they began to develop flecked leaves again, and through- 
out the whole summer they were fully variegated. They 
l>ehaved in this way throughout every winter of their 
life. On the other hand a variety of the ornamental 
curly cale with yellow-veined leaves is l)eautifully varie- 

* Verlot, loc. cit., p. 75. 

*L. Betssner, Knospeitvariathn, Mitth. d. deutsdi. Dendrolog, 
GcscUsch., No. 4, 1895. 

• Verlot, loc, cti,, p. 76. 
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gated in late autumn and winter but becomes completely 
green in summer.^ 

In all these observations there was no question of bud- 
variatir>n. Of the causes of this phenomenon little is 
known. On the other hand it is generally recognized that 
if resting buds on variegated plants are allowed to grow 
vigorously they often develop int^ completely white or 
yellow so-called chlorotic branches; — I mean those buds 
which on green sorts would develop into strong succu- 
lent shoots under similar inducements, but tiie chlorosis 
Soon puts an end to this development. Adventitious buds 
which arise from the stem a little above the soil fre- 
fjuently give rise to chlorotic branches, either alter the 
stems have been cut down or when the leaves have been 
eaten by snails, or from some other cause. Acsculus 
Hippocastamtni is the best known example, so also are 
Uvonymus japonicus. Pelargonium zonalc, Azalea ja- 
ponica, Aucuha japonica, Ilex Aquifolium ; also Spiraea 
eallosa, Kerria japomea, Vinca major, ^ Hydrangea hor- 
tensis:* Fagns sylvatica,^ Ulmus campestrisS' Cornus sun- 
guinea:' Sauthucus nigra/^ Myrtus communis tarantina,^^ 
Zea Mays etc. 

The inheritance of variegation through seeds is one 
of the most interesting phenomena presented by this 

* H. Molisch, llehcr die Panachure dcs Kohls. Ber. d d hot. 
Gesellsch., Vol. XIX, igoi, p. 32. 

^Verlot, he. cit., p. 75. Here also will be found information 
relating to Glechoma hcderacea. 

“ Morren, HcrMite, lac, cit., p. 230. Here also Pelargonium in- 
quinans. 

* According to Schleiden, after being damaged by snails, cited 
by Morren, loc. cit., p. 227. 

® Ulmus, Cornus and Samhucus according to my own observa- 
tions. Moreover I have seen such branches on almost all the above 
named varieties. 

•G. Arcanceli, Bull. Soc. Bot. Ilal., 1895, pp. 16-18. 
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whole set of facts. The variegated sorts are nearly all 
more or less constant; sometimes to a very small and 
sohietimes to a very large extent. This character has 
been subjected to what we may call an automatic selec- 
tion, for every gardener naturally plants out only varie- 
gated specimens neglecting the green ones; also it is 
customary to cut away the green twigs which arise by 
bud-variation. Here we have a sort of unconscious se- 
lection which has however been exercised in the same 
direction for many years, and in many cases through 
some centuries. 

And what has been effected by this continued selec- 
tion ? Absolutely nothing. At least, so far as we know, 
nothing more than maintaining the variegated varieties 
and keeping them in a fairly pure condition. But nothing 
like fixation has resulted; that is to say, the varieties 
continue to produce atavists when grown from seed, and 
moreover, the pure and constant varieties which corre- 
s]K)n(l to them have not been obtained. For in this case 
these varieties, as we stated above, would have to be tlie 
jnire yellow ones, such as are known to gardeners under 
the name of aurea fomis. 

All in all there are in our gardens, i)erhaps twenty 
or thirty, or even a few more of these aurca fomis; and 
this number is as nothing compared with the almost un- 
limited series of variegated forms. Moreover exactly 
those variegated fonns which have been cultivated most 
carefully and for the longest time have not given rise to 
aurca varieties.^ 

From this discussion I draw the conclusion that con- 
tinued selection with variegated plants will not of itself 
lead to the production of constant forms. For this, 

' See the list on page 270. 
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something else is necessary, and this something chance 
alone can provide. What wc want is the transition from 
one race to another, a transition, which according to my 
opinion, cannot be effected gradually, but takes place 
suddenly from as yet unknown causes; we have, in fact, 
to wait for a mutation. 

The longer a variegated plant has been in cultiva- 
tion the more strongly docs the fact that it has not pro- 
gressed support this conclusion. The best instance is 
afforded by the familiar Rocket^ which is one of the 
oldest, favorite and most widely distributed variegated 
plants in cultivation, and which is often seen to escape 
from gardens {Barbarea vulgaris variegata). The plant 
is cultivated almost solely for its variegated leaves, al- 
though it is a kind of cress. It is biennial and sufficiently 
constant ; it is usually grown from seed, although it can 
also be propagated by division. Only a small percentage 
of the seedlings are found to be variegated. Amongst 
a thousand grown from seeds which I had harvested 
myself from isolated variegated plants, I found only 
one per cent variegated and ninety-nine per cent plants 
whr>se cotyledons and first leaves vxtc pure green. No 
white or yellow seedlings occurred. Of the greens a large 
proportion developed later into variegated plants, as was 
to be expected. 2 But the variety can by no means lie 
regarded as fully fixed. 

Very many variegated varieties, especially of annual 
and biennial plants, come true to seed. Morren, Car- 
RTRRE^ and other authors have drawn up lists, and much 
information relating to the subject can be gathered from 

* Vilmorin-A^jdrieux^ Fleurs de pleine terre, p. 387. 

*.\ccording to Morren, HSrediti, he. cit, p. 229, from 70-90% 

of the seedlings become variegated in later life. 

• E. A. Carri^re, Production et fixation des varicth, 1865, P ^ 4 * 
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seedsmen’s catalogues. Such statements relate, of course, 
raly to practical and not to absolute constancy. It suf- 
fices that ^the harvests justify a reasonable hope that 
a certain number of variegated individuals will occur 
amongst the seedlings. Information as to the magni- 
tude of this proportion is rarely given. Godron found 
Acer striatum variegatum to repeat the anomaly in only 
one-third of its seedlings.^ Viviand-Morel found only 
occasional variegated specimens amongst five hundred 
seedlings of Hcdera Helix variegata and only one 
amongst fifty of variegated Yucca, the majority being 
green. 2 PfipiN states that the seeds of Sophora japonica 
foliis vnriegatis always give rise to more variegated than 
green plants;^ but in the case of these and similar data 
we know nothing, as a rule, as to whether the seeds have 
been derived from individuals which had been isolated. 
Pollock sowed the seeds of a variegated plant of Ballota 
nigra which he had found wild and obtained thirty per 
cent variegated seedlings. In the next generation the 
seeds of these, however, gave 60% of variegated indi- 
viduals.'* The plant is now on the market and from tlie 
commercial seed I raised 25% variegated and 75% green 
plants. The seeds of a variegated specimen of Chrysan- 
themum inodorum found near Amsterdam produced 65 
plants in my garden, of which 5% were variegated whilst 
17 produced spotted leaves during the course of the 
summer, and the rest were green fl8Q3). From the 
seeds of a variegated Lunaria biennis I raised green 
plants only (1803) and I obtained the same result in 

’ M^m. Acad. Stanislas, 1873. 

*Lyon horticolc, 1893. p. 144. 

• Verlot, he. cit., p 75. 

'Darwin, Jhriations of Animals and Plants, T, p. 409. 
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1896 from some self-fertilized variegated Oenothera La- 
marckiana, although these two sorts are ordinarily con- 
stant from seed. Variegated Oenothera rubrinervis gave 
rise to 20% variegated seedlings (1892), but on a repe- 
tition of the experiment with another plant (1893) all the 
offspring were green. 

Tn sectorial variegation we might expect the seeds of 
the variegated sectors to give rise to more variegated 
{■jlants than those of tlie green ones. The only informa- 
tion relating to this question as far as I know is due to 
Heinsius.^ He found a stem of Dianthus barbatus, one 
of the longitudinal halves of which was variegated, whilst 
the other was colored in the ordinary way. During the 
flowering period the plant was protected from insects by 
gauze and artificially fertilized, each flower being polli- 
nated with pollen from another in the same longitudinal 
half. On the one half the capsules were white, on the 
other green ; both produced ripe seed. The seeds of the 
white fruits produced seedlings without chlorophyll but 
the seedlings from green capsules were the normal green. 
In 1888 I myself collected the green and the variegated 
fruits of a sectorial main stem of Oenothera Lamarckiana 
separately. The seeds of the former gave rise almost 
exclusively to green plants, those of the latter to a large 
proportion of variegated ones. In the summer of 1895 
I saved the fruits from a green and from a variegated 
branch of the same plant of this species, but both sets of 
seeds gave about the same very small proportion of varie- 
gated specimens, viz., 2%. 

In the summer of 1898 I conducted a more exhaustive 
research with sectorial variegation in Oenothera La- 

’H W. Heinsius in the Proceeding's of the Genootschap ter 
bevordenng der Natuur- Genees- en Heelkunde te Amsterdam. Meet- 
ing of May 7, 1898. 



286 


N on-Isolable Races 


marckiana. In the normal families of my cultures some 
specimens that happened to be variegated had, after arti- 
fiaal self-fertilization, given rise to no more than two 
l^er cent of variegated offspring and in the next genera- 
tion the same proportion was repeated, the conditions be- 
ing the same. From these I selected in 1898 the four 
finest young plants, planted them out a meter apart, and 
thereby obtained strong, richly-branched individuals, of 
which some were slightly, and others strongly, variegated. 
On all of them the flowers from which I intended to save 
seed were artificially and purely fertilized with their own 
]y)llen. On each of the four plants I first fertilized 
flowers on the pure green and afterwards some on the 
variegated lateral branches. Amongst 675 seedlings of 
the former and 1300 of the latter group the seeds pro- 
duced the following percentages of yellow and variegated 


sdlings : 



PLANTS 

PERCENTAGE IN VARIEGATED SEEDLINGS 


GREEN BRANCHES 

VARIEGATED BRANCHES 

No. 1 

0-0 % 

1 % 

No. 2 


3 

No. 3 

0-0 

4-12-18 

No. 4 

0-0 

6-9-45- 100 


h"ach nunil)er refers to ? separate branch The six 
greens gave rise, as we see, to green seedlings only, but 
the variegated ones to a larger or smaller number of 
seedlings with this character. 1'he figures 1, 3, 4, and 
45 in the last column relate to the slightly variegated 
branches; the rest to those with this character more 
strongly develoj)ed. The latter therefore gave a higher 
percentage of variegated offspring. The variegated seed- 
lings had either yellow or flecked cotyledons, or green 
cotyledons and flecked leaves, and of these three groups 
there \vere 68% of the first, 12% of the second and 20% 
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of the third group. The more yellow seedlings there 
were in a group the more variegated sj^ecimens did it, 
as a rule, also contain. I collected the seeds of a yellow 
fruit separately; only elev^en of these germinated but 
these had all pure yellow cotyledons. On the other hand 
striped fruits had percentages of variegated seedlings 
which varied greatly, and this was also true of the striped 
parts of capsules when their seeds were harvested sepa- 
rately. I^astly the seeds of green capsules produced only 
green seedlings. 

The color of the seedlings is therefore to a large ex- 
tent determined by the color of that part of the mother 
])lant which produced the seed (and also the jx)llen). 

I made a further investigation of the seedlings from 
seeds of green and variegated branches of individual 
plants in various other species, after artificial isolation 
had been secured, either by means of parchment bags, or 
by planting the plants some distance apart, or by making 
them flower at different times.^ I obtained the following 
percentages of variegated and yellow seedlings: 

SKM)S OF 

(;rekn varieoated 


A. 

Commercial variegated ra 

BRANCHES 

ces; 

BRANCHES 


Arabis alpina 

2-10 % 

00 % 


Helianthus annuus 

0 “ 

100 “ 

B. 

Occasional finds: 

Lamium album 

0 “ 

3 “ 


Geum urbanum 

0.3 “ 

4 “ 


Silene noctiflora 

(5 

(34 “) 


The high percentage of green plants in Arabis alpina 
corresponds presumably to the readiness with which this 
species produces bud- variations, variegated branches bc- 

^ In Silcne noctiHora only was fertilization left to the free agency 
of insects. 
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ing easily produced by green plants and green branches 
by variegated ones. 

Now let us consider the yellow seedlings of variegated 
plants. They appear, it is true, to be mutants, but, as a 
matter of fact, they are the extreme variants which, how- 
ever, do not attain to their goal but perish in the attempt, 
for they are too poor in chlorophyll and are thereby des- 
tined to die early. Nearly all of them die without so 
much as having unfolded their first leaves, or sometimes 
even their cotyledons. They constitute the extreme limit 
of a long series of variegated forms, but have, so to 
speak, followed a wrong direction. They are by no 
means rare; for instance they are well known in the 
holly, Ilex Aquifolium, and they often result in a very 
considerable loss amongst the seedlings raised from the 
seed of variegated plants. 

It is not, however, variegated plants only which pro- 
duce such seedlings; green plants do so only too often, 
and this even occurs in families cultivated for experi- 
mental purposes when the cultures are pure green and 
have been so for many years or did not produce more 
than an occasional variegated leaf or twig. If in such 
cases the seeds of the single seed-parents are sown sepa- 
rately the pro])ortions in which variegated seedlings oc- 
cur in the various groups are found to vary greatly. 

Some si:)ecies appear never to produce them, for in- 
stance the tricotylons races of Cannabis saliva, Mcrcu- 
rialis annua, and Pliacclia tanacctifolia which I have 
cultivated, although I have sown the seeds of several 
hundreds of individual plants separately in the course of 
some years. In other s|>ecies they are very rare ; in some, 
however, the percentage of yellow seedlings is so con- 
siderable as to lx?come a real nuisance. Thus, for in- 
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stance, the highest numbers (not to mention the numer- 
ous smaller ones) that I found amongst the seedlings of 
•individual seed-parents were as folows: 

YELLOW OR WHITE SEEDLINGS 


Antirrhinum majus 

5-6 

% 

Clarkia pulchella 

9-13 

t ( 

Papaver Rhoeas 

. 15-30 

< t 

Polygonum Fagopyrum 

8-12 

1 ( 

Scrophularia nodosa 

10-15 

( i 

Trifolium incarnatum 

4-6 

i < 

Chrysanthemum segetum 

13 

t ( 

Linaria vulgaris 

25 

< ( 

Trifolium pratense 

13 

t < 

Oenothera Lamarcktana 

20 

“ 


In many other species I have, as yet, found not more 

than one or two per cent of yellow seedlings from the 

seeds of individual parents, ddierefore I presume that 

this extreme variation is 

brought about, besides by 

the heritable potentiality, 

l)y causes similar to those 

in operation amongst the 

variants in the small 

seeds of Trifoliiun incar- 

natum (p. 239). 

In some cases, as for 

instance Polygonum Fa- 

u 'T- -r r* Fig. 55. Papaver rupifragum. Pro- 

CJOpyruni and irifohuin portion of yellow seedlings among 

incarnatum it struck me the seeds of 54 green plants. These 

plants themselves were the orf- 
that the higher numbers spring of 1 single green parent 
_ r . plant. The two first ordinates 

were more fre(]uent than slightly reduced. The figures 

some of the lower ones. 3. 6, 9, etc, signify 2-4, 5-7, 8 -to% 

yellow seedlings and so forth. 

This was especially the 

case in Papaver rupifragum, amongst the offspring of a 
single parent plant. This plant was .selected as l)eing a 
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tricotylous specimen and had been raised from seed ob- 
tained in exchange; it flowered in 1893 in complete iso- 
lation and produced 6% yellow seedlings amongst its off- 
spring. I planted out about 60 of the green plants which 
grew to healthy individuals in 1899. I left the ix)llina- 
tion to insects but saved the seeds of each plant separately 
and then counted the number of yellow seedlings for each 
in a lot of 300. 

Y. S. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 22 24 27 30 
Ex. 27 611100011231 124031001 

Or 27 63 0 4 5 ^ 31001 

‘‘Y. S.” signifies the yellow seedlings in each lot of 
seed and “Ex.” the number of plants which exhibited 
this proportion amtmgst their seedlings. In the lower 
line from 2% onwards these are arranged in groups of 
3 in order to emphasize the general result. The num- 
bers of this last row are plotted in Fig. 55. This curve 
is similar to tlie curves of monstrosities which have been 
subjected to a selection extending over many years. ^ 
ICven as these, it consists of a half curve and of a bilateral 
curve. It indicates therefore the selection of a latent 
character which in this ])articular case started with the 
choice of a tricotylous jdant which happened to l^e a 
l)articularly suitable one.- 

The observations and experiments which we hav^e 
described or passed in review show that variegated plants 
constitute a group of fonns which in spite of being se- 
lected for years or even for a century have manifested 
no further improvement in the quality and constancy of 

' See the second section and Yiir li*s courhes galtoniennes des 
monstruosites. Bull sc. de la France et de la Belgique, published by 
A. CiARD, Vol. XXVII, April iSgf^ p. 396 . 

*See Veber fine Metfwde, Zu^ngsdrehungen aufsusuchcn, Ber. 
d. d. l)ot. Ges., Vol. XII, 1894, p. 2$. 
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their peculiar character than many of the most recently 
arisen variegated sorts. They are highly variable and 
give rise in many cases almost every year to green des- 
cendants, on the one hand, and to pure yellow, on the 
other. The former are regarded as atavists, the latter, 
however, are only variants and not mutants, since so far 
as the observations extend they give- no hope that they 
will ever form the basis of a pure yellow race. These, 
the true aurea varieties, have only arisen in relatively very 
rare cases; possibly from variegated types bin without 
showing any evidence to support this supposition. 

The capacity for producing variegated leaves or yel- 
low seedlings is more widely distributed in the vegetable 
kingdom in a latent and semi-latent condition than per- 
haps any other character. 

§ 25 . ALTERNATING ANNUAL AND BIENNIAL HABIT. 

One of the strongest pieces of evidence for the doc- 
trine of mutation is the phenomenon in beets which is 
called bolting or shooting. It can be observed in almost 
every field of beets. Occasional plants are seen to de- 
velop a stem in the first year, to flower and to bear seed. 
They store no sugar or other food-stuffs or at any rate 
only to a very slight extent in their roots which become 
correspondingly woody. They are useless for practical 
purposes. On good fields about 1 % of the plants ordi- 
narily behave like this, and more rarely a smaller per- 
centage of the whole crop. Under unfavoral>le circum- 
stances, however, their number often increases consider- 
ably; reaching for instance from ten to twenty per cent 
and sometimes still more. 

No farmer uses the seeds of such annual plants for 
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sowing. They obviously offer too great a prospect of 
a repetition of the evil. Moreover the seeds of these 
bolters cannot, either by chance or carelessness, get mixed 
up with fhose of the biennial beets because they ripen 
a year earlier. Thus in every generation an absolutely 
rigid selection of biennial examples as seed-parents takes 
place, and must have taken place as long as the culture 
of beets has proceeded on rational lines. 

Nevertheless these bolters have not disappeared. 
Stringent selection has failed to eliminate them. More- 
over as far as historical data enable us to decide, the 
proportion of bolters remains about the same. In ref- 
erence to this case at any rate we are therefore fully 
justified in stating that selection cannot effect in the 
course of a long period of time what it fails to bring 
about within a few years. 

Tliis 1)elief is widely and firmly held by beet-farmers. 
They are always in search of new means of combating 
this evil ; Imt the mere selection of biennial beets is con- 
sidered to be without prospect of success. Rimpau has 
endeavored to attain this end by raising a triennial race, 
by .selecting the so-called laggers, i. e., plants which have 
not flowered in the second year;^ but most agriculturists 
content themselves with making the conditions of culture 
as unfavorable as possible to this evil.^ 

These laggers are in a sense analogous to the bolters, 
inasmuch as they have lieen eliminated by the normal 
process of selection since the time when beets were first 

‘W. Rimpau, Das Aufschiessen dcr Runkelruhcn, Landwirtsch. 
Jahrbucher, Vol. V, 1876, p. 31, and Vol. JX, 1880, p. 19 1. Uy the 
same author, Das Samcinchicsscn dcr RUbcn, Deutsche Landw. Prcssc, 
Jahrg, XXI, No. 102, Dec. 22, 1894, P- 9^4- 

*A list of the most important papers on the subject is given by 
Rumker, Die Zuck err iib ensue htung der Gegenwart, Blatter fur 
Zuckerrubenbau, 1894, pp. 22-23. 
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cultivated and have nevertheless not been extirpated. 

The general opinion of botanists is that the represen- 
tatives of the main line of the evolution of plants have 
been for the most part perennials. From these the an- 
nual and biennial forms must have arisen independently 
in the various families and groups; and it is further 
natural to suppose that the biennials' arose first and that 
the annuals arose from them. If this is true the pro- 
duction of a biennial from an annual or of a perennial 
by one of these two would have to be regaided as a 
phenomenon of reversion.^ Instances of such atavism 
seem to occur very generally in the vegetable kingdom, 
but progressive tiansitions, that is to say, those that take 
place in the opposite direction, arc also by no means 
rare.- 

Froni the abundant literature on this point I select 
two cases which seem to me the most important. P/ia- 
seolus multiflorus {Ph. coccincus L,) is, with us, an 
annual plant, producing occasionally, however, a bulbous 
root which can be wintered and by means of which the 
])Iant can be perpetuated. Von Wettstein/’* to whom 
we owe our knowledge of this phenomenon, has obtained 
plants which lived four years, and in my own experi- 
mental garden I have succeeded in wintering several 
such Phaseolus tubers. Von Wettstein's view is that 
we are dealing here with the transformation of a peren- 

' Many, however, hold the opposite view See Darwin, V avia- 
tions, II, P..5; and Rimpau, loc. cit. 

* See the works relating to this subject by Irmisch and Warming. 
Also Hildebrand in Engler's Botan. Jahrh., TI, 1882, pp. 51-13.5; 
with regard to different sorts of beets: F. Schindler in Bot. Ceniral- 
blatt, i8ipi. Nos. 14 and 15, and the literature cited there. 

*R VON Wettstein, Die Innovationsvcrhdltnisse von Phaseolus 
coccincus L. {— Ph. mulHAorus Willd.), Oesterr. bot. .^citschrift, 
1897, No. 12, 1898, No. I. 
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nial species into an annual one.^ The careful experiments 
of Briem lead to the same conclusion; for he succeeded 
in wintering the sugar beet after it had borne seed and 
in inducing in this way the same plant to bear seed a 
second and sometimes even a third time.^ All that was 
necessary to bring this about was that the beet in question 
should continue to increase in thickness*^ and accumulate, 
in its new rings of tissue, the necessary quantity of sugar 
and other food-stuffs. 

It is known that summer wheat can be changed into 
winter wheat^ by a selective process, and that the con- 
verse process may also take place also that a perennial 
sort of rye is occasionally raised in Russia besides the 
ordinary annual rye.^ Numerous annual species also give 
rise to biennial and perennial forms such as Arabis den- 
fata and Delphinium Consolida'J and as a general rule 
interferences of various kinds with the normal vital pro- 
cesses of the plant are considered to be the causes of these 
changes.^ 

’ Loc, at,, p. II. 

*F. Strohmer, H. Briem imd \ Stift, Uchcr mchrjahrige 
Zuckerriihen und deren Nochziicht, Oc.sterr.-Ungar. Zeilsclir. fur 
Zuckerindustric, Pt. 4, 1900, with Plate XV. 

* For facts relating to this growth in thickness see Die abnormale 
Entstchung sccundarer Gezvebe in Pringsh Jahrb. fiir wissensch. 
But, Vol XXII, 1890, p. 35 ; and Plate 111 , Fig. 14. 

• Numerous illustrations of the question dealt with in the text 
arc furnished from agricultural experience by C. Fruwirth, Die 
Zuchtung dcr landi<nrtschaft lichen CulturpAansen, 1901, p. 146. 

'Darwin, Animals and Plants, T. p 333. 

"A. Batamn, Das Perenniren dcs Roggens. A very important 
paper dealing with these questions is H. C. Schellenbehg's Grau- 
biindens Gctrcidcvarietdfcu, Bcr. d. Schweiz, bot. Gesellschaft, Part 
X, 1900. 

’Theod. TIolm, On the Vitality of Some Annual Plants^ Amer. 
Journal of Science, Vol. XLIl. 1891. p. 304. 

"W. BvRms, Zeitschrift f. Zuckcrindustrie in Bohmen, Vol. XII, 
1898. P 456. 
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Conversely many perennial plants which under nor- 
mal conditions flower the second year after germination 
for the first time, can be induced by favorable cultiva- 
tion to flower in the first summer, though this does not 
always succeed with every individual. In this way many 
perennial species are treated in horticultural practice as 
annuals, and I myself have cultivated a whole series of 
plants more or less regularly as such; for instance, 
Achillea Millcfolinni, Hesperis matronalis. Lychnis ves- 
pertina glabra. Pier is hicracioidcs, Trifoliuin pratensc 
quinquefolinm and others. 

Let us proceed now to our more immediate subject, 
the phenomenon of the occurrence of many species partly 
in annual and partly in biennial specimens. Such plants 
are regarded by descriptive systematists as biennials, as, 
for instance, the name Oenothera biennis indicates; for, 
under the less favorable conditions which usually obtain 
in the field the great majority of the si)eciir.ens will be 
biennials. 

In my opinion this view is quite correct, but the bien- 
nial species in question must possess the capacity of grow- 
ing as annuals, in a semi-latent condition. Moreover 
this capacity does not seem to be universal, but to l:>e con- 
fined to particular races. For instance, Kocii s Synopsis 
Florae Germanicae et Helveticae (3d ed. 1857) and Gre- 
nier and Godron in the Flore de France (1852) give 
Dipsactis sylvestris as an annual, whilst I myself have 
hitherto only been able to raise biennial races of it from 
seeds derived from numerous different sources, and in 
spite of the fact that I modified the culture in every con- 
ceivable direction in the hope of making them annual. 
It is highly probable that many species exist in certain 
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regions as pure biennials, in others as annuals, and in 
3tiU others in a mixture of these two forms. ^ 

Inasmuch therefore as the biennial habit is to be re- 
garded as the character of the species and the annual 
habit as the anomaly, the latter is likely to follow the 
general rule according to which the development of the 
anomaly is favored by improved conditions of life. And 
the experiments wliich I propose to describe in this sec- 
tion prove the correctness of this view. 

However, there is an apparent contradiction, for, as 
is well known, Rimpau has shown in the case of the 
beet that every retardation or interruption of the growth, 
whether it occurs during germination or just after the 
seed comes uj) or at a later stage of the development of 
the plant, favors the production of the seed in the first 
year of the plant’s life.^ 

But in this case it only appears that we are dealing 
with conditions favorable to the production of the anom- 
aly whereas in reality we are concerned with the stimulus 
necessary for the manifestation of this bolting. As it 
is not very easy to make this difference clear I shall select 
an instance of a pure biennial race'^ which lacks the power 
of giving rise to annual specimens. I refer to my cul- 
tures of Dipsacus sylvesfris. This race can be sown at 
any period of the year, and the plants will always remain 
rosettes until the end of the next winter and develop a 
stem in the spring of their second year. According to 
whether the sowing was made in the spring or in the 
summer or not till autumn are the rosettes vigorous or 

‘Instances of this arc given by J Costantin, Les vegdtaux et 
les milieux cosmiques, Paris, 1898, pp. 28 f. 

* Landw, JahrhUcher, passim, 1880, p. 194. 

*On Biastrepsis and Its Relation to Cultwation, Annals of Bot- 
any, Vol. XIII, No. LI, Sept. 1899, p. 395. 
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weak, but this treatment has no effect on the i>erio(l at 
which the stem will l)o ocvekv>ed. If the seeds are sown 
in March in llic greenhouse and the seedlings are picked 
out carl> into pots and planted out in May or June, we 
get vigorous rosettes with abuiukoit leaves, but not a 
single stem in the first year. If the seeds are sown in 
Sepiember in ihe greenhouse, soon after harvesting, the 
rosettes remain weak until winter, but neverthelcvss de- 
\elop a stem in the following spring. By sowing the 
seed in late autumn in the open ground, however, tlie 
p!:ints will develop only a single i)air of leaves above the 
cotyledons a)id they can be induced to pass tlirough the 
winter without producing their stems in the spring. In 
this case they pass through the whole of the summer 
as rosettes, become extraordinarily vigorous and do not 
dc\elop a flowering stem until after the second winter. 

These experiments show that a definite stimulus is 
necessary for the production of a stem. Under the con- 
ditions of my own experiments it seems to be the winter 
wliich exerts the stimulus and that it can do so at any 
age of the plant except the very young stages when only 
the first two leaves are unfolded. But without this stim- 
ulus no stem is formed. 

Tlie experience of beet cultivators goes to show that 
the chief cause of the bolting is the night frosts of tlie 
spring. Manifestly they exert an effect on the young 
plains similar to that produced by the winter. It is a 
fact generally known that the perce ntage of Ixdlers is 
high in direct proportion as the seed was sown early; 
crops which have been sown late are sometimes perfectly 
free from this defect. Rimpau showed that if a small 
section of a field which has been sown early is covered 
over with a sheet every night that threatens to be frosty, 
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the occurrence of bolters is considerably diminished; in 
tmt experiment for instance from 7 to 4%.^ Other 
results point in the same direction. 

HEUzfe, in his valuable little book on the oil plants,^ 
says with regard to the rape {Brassica Napus oleifera), 
that in the north of France it should not be sown before 
the middle of July or after the middle of August, for in 
the latter case the plants will not l>e strong enough to sur- 
vive the winter, and in the fonner too large a proportion 
will set seed in the first year. The same thing is true of 
a whole series of other biennial plants both cultivated 
and wild; those which germinate late become biennial; 
of those which germinate early a greater portion become 
annual, the earlier the sowing or the germination took 
place. 

In these cases we are not concerned with the induction 
of lx)lting by night frosts, or by any other stimulus, hut 
with a case of inherited variability. It is true that the 
beet possesses this variability also, but the general con- 
ditions in this species are much complicated thereby. 
That we have to deal with a phenomenon of inheritance 
is ])rovcd by the fact that the annual form can easily 
be fixed by selection, without, however, attaining a state 
of absolute purity. Rimpau sowed the seed of bolters,^ 
and by always selecting seeds ripened in the first year, 
he obtained in the fourth generation a race whose seeds 
when sown on the 31st of March produced annual plants 
only and which in the fifth generation, when sown on 
the 5th of April, was as constant an annual as the normal 

*W. Rimpau, Das Aufsckiessen der Runkelriiben, Landwirtsch. 
Jahrhucher, i88o, p, 192. 

*L. HEUzfe. Les picnics oh^ufuineuses, BibHoth^que du cultivateur, 
Paris, 2d ed.. p. i6 

^ Loc cit., p. 197. 
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beet, sown at the same time, was biennial. The same 
is true with other sp^-cies. Seeds of the wild Daucus 
Carota saved from annual plants gave me a large pro- 
portion of annuals; but seeds from plants which had 
come through the winter gave a predomir;ant proportion 
of biennials. On the other hand selection does not seem 
to kad to the production of annual races which would 
l)e free from occasional atavism. It is my custom now 
t<» cultivate my Oenoihera Lamarckiana and its derivati\'c 
siK'cies mostly as annuals. Many of these cultures have 
been continued for six or more generations by means of 
the seeds of annual specimens only. Nevertheless every 
year there occur occasional and sometimes several bien- 
nial plants amongst them. 

Aster Tripolium^ is usually given as an annual in 
the floras, but with us it is represented by specimens 
which pass through the winter as well as by plants which 
flower in the first summer. In experimental sowings in 
the garden I obtained roughly equal numbers of the two 
types; but if I sowed the seed in March or April in the 
greenhouse the plants developed stems in the first year 
almost without exception. They were, as a rule, covered 
with glass every night until June, and thus protected 
from night frosts, and they were well treated also in 
other respects, especially by transplanting them soon 
after germination into rich well-manured garden soil 
For according to my experience one of the best means 
of inducing biennial plants to behave as annuals is to give 
them plenty of manure, provided of course that the 

' Koch, Synopsis Florae Germanicae el Hclvcticae, p. 361. Gre- 
nier ET Godron, Flore de France, Vol. II, p. 102; Karsch, 
mccum botanicum etc. 
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capacity to do this is present in them in a semi-latent 
state. ^ 

With Oenothera Lamarckiana I have made some more 
extensive*^ experiments on accelerating the development of 
the stem by improving the conditions of grov^th. In the 
wild state this plant consists chiefly of biennials, but 
partly also of annual and of triennial individuals. Under 
exi)erimental conditions, however, the duration of its 
life seems to depend more on external influences than 
on the choice of seeds. I have especially tested the 
distance l>etween the plants, the sunniness of the position, 
and the richness of the soil. 

In 1888 I selected some seeds of my biennial stock 
jilants of the Lamarckiana family of 1886-1887,- in order 
to investigate the effect of the degree of separation of 
die plants in the bed. For this purpose I selected four 
adjacent beds of similar contents with regard to soil and 
manure, sowed the seeds in the middle of April fairly 
thickly in rows, and weeded them out during germina- 
tion in such a way that on two beds the plants stood at 
moderate distances, on one further apart, and on a 
third more closely. In the summer up to the middle of 
September I recorded the number of individuals with 
stems and the number of the rosettes. The sum of the 
two obviously affords a measure of the distances between 
the plants. The extent of each bed was 13 square meters. 
The figures are: 


Sur la culture des monstruosiih, Comptes rendus de TAc. d 
^c., i ans, January, i8gQ; Sur la culture des fasciations des espt^'es 
atiHuctles et hisannuclles, Kewxe generate de botanique, Vo 1 XI. 
i<S^, p. 136; and Uehcr die Abhdngigkeit der Fasdation votn Alter 
het rivetjdhrtgen PAansen, Botanisches Centralblatt, Vol. LXXVII, 
1899, 

* See tbe pedigree in Vol I, p, 224. 
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BBD 

PLANTS 

PLANTS PBR 

PBRCBNTAOE OP PLANTS 

SQUARE METER 

WITH STBMS 

No. 1 

1350 

100 

23% 

“ 2 and 3 

630 -peso 

50 

43 “ 

“ 4 

380 

30 

58 “ 


That is to say, the closer the plants a:'e together, and 
the less room each one has. as a result of this, for the 
unfolding of its leaves, the sinaii'er is the number of 
annual plants. 

In the following year I repeated this exj^iriment, but 
this time with the seeds of annual plants. The result 
• 'Uis, how'evcr. the same. There were 1188 plants on one 
bed of 13 square meters, that is, about 90 per square 
meter; of these 20% were annuals. On the other l)ed 
of the same size there were 348 plants (or 27 [ycr scpiare 
meter) and 54% developed stems. 

I repeated the same experiment once more, in 1890, 
with the seeds of an annual plant of 1889. On the one 
bed there were 40 plants per square mete:', of which 
17%; were annual. On the control bed there were only 
ten plants in the same area, and of these 72% produced 
stems in the first summer; the extent of the bed in both 
cases was 5 square meters. 

In 1891 I investigated the influence of the distance 
bet\veen the plants in an experiment with Oenothera 
lacvifolia, raised from the seeds of an annual race which 
had been selected for three generations.^ The two beds 
wej'e of the same size, had the same aspect and the same 
soil, and both received a similar and liberal dressing of 
guano. They were sown in the middle of May on the 
same day, but at the end of July they contained 195 
and 638 plants respectively (per each 6.5 square meters). 
As a result of this, the bed in which the plants were far 

’ See the pedigree in Vol. T, p. 224. 
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ai)art had 162 plants which developed stems, whilst on 
that in which they were close together there were 145. 
The difference between the two reckoned as a percentage 
of the whole culture is of course more striking, viz., 
83 as against 20%. More important, however, is the 
fact that per each square meter in absolute numbers 
more annual individuals are produced when the plants 
are grown far apart than when they are grown more 
densely and therefore in larger numbers. When viewed 
in this way the result points to the great importance of 
sowing seeds thinly in experimental cultures. 

Experiments with shading are met with the difficulty 
that the young plants cannot stand it very well, even 
when, as in my experiments, the shadow is that of trees. 
The experiment was conducted at the same time as that 
of 1890, referred to above, on a similar scale and by 
growing the plants far apart; it produced about 46% 
annuals as against 72% in the control experiment al- 
ready mentioned. 

By far the best means, however, of increasing the 
pro]X)rtion of annual plants or even of securing their 
exclusive i)rcKluction, is to sow the seed and keep the 
young plants under glass. In doing so the seed can be 
sown in March or April in un-manured sterilized soil, 
and the seedlings may be pricked out singly into pots 
containing richly manured soil after the appearance of 
the third or fourth leaf. In this condition they remain 
under glass until the end of May, at least during the 
nights and on cloudy days, and can then be turned out 
of the pots without breaking the ball of earth round the 
roots and transplanted to the place where they are to 
grow. T reate 1 in this way almost all the plants behave 
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as annuals, and of late I have grown all my cultures by 
this method or by some .slight modification of it. 

In order to determine the effect of the soil on the 
development of the stem I have compared the difference 
between plants grown on manured and mjnanured beds, 
and also the difference between plants grown on barren 
sand and on fertile soil, 1'he first of these two ex|)eri- 
ments 1 have made wii i the Oenothera laeznfolia. 1 
used seeds which 1 had saved in 1890 from the third 
annual generation of my culture (see Vol. J, p. 273). 
Idle seeds were sown in the middle of May on three 
i)cds of 3!4 square meters each. Tliey were adjacent to 
one another, had the same soil, a similar exposure, and 
so forth. The seedlings were thinned out early, to 100 
per bed, in such a way that the distances In'tween them 
were as uniform as possible. The sole difference lay 
in the kind of manure which they received, which in 
No. 1 was nothing, in No. 2 a quarter of a kilo of guano, 
and in No. 3 a quarter of a kilo of hornmeal. In the 
second bed, therefore, the manure was rich in phosphate.' 
and in the third in nitrogen. On the 30th of July i 
recr>rded the plants with the following result : 


PLANT.S ANNUA I.S 

No. 1. Without manure 100 * 77 % 

No. 2. With guano 98 90% 

No. 3. With hornmeal 108 94% 


In spite, therefore, of the fact that the race had been 
selected for three years the proporti'^n of annual plants 
on the bed without manure was only 77 per cent, whilst 
this proportion was considerably increased by the addi- 
tion of manure, and more by the addition of nitrogen 
than by that of phosphates. Further experiments with dif- 
ferent quantities of the same manure showed that the 
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amounts employed in this experiment (about 80 grams 
per square meter) should not be exceeded, that is to say, 
that the result cannot be improved by still heavier ma- 
nuring. 

For the experiment with sand I dug in my experi- 
mental garden a bed of 13 square meters in extent and 
one-half a meter deep, and filled it with ordinary fine 
sand. On this bed and on a neighbdring one of the same 
size I sowed seed of Oenothera Lamarckiana in the sum- 
mer of 1899. The control bed was not manured but 
contained a very fertile soil; the seed was sown in the 
middle of April. 

1'he sand of the bed bordered immediately on the 
rich soil of the path which surrounded it.^ Therefore 
the plants at tlie margin could thrust their lateral roots 
into this, and thus obtain richer food than the more 
central rows. This circumstance showed very important 
results during the course of June, for while many flower- 
ing stems were produced towards the outside of the bed, 
hardly any occurred in the middle. It was not until the 
middle of July that the development of stems- set in here 
also. Curiously enough this occurred in almost every 
instance at exactly the same time. In the middle of 
August among the 82 plants of the outer rows about 
60% had develoi)ed stems, whilst in the middle there 
were 133 rosettes amongst 203 plants, that is to say 
about 24% of annual specimens. We see that the dis- 
tances between the plants in this experiment were very 
considerable, for on 13 square meters there were only 
285 plants. Even at the end of the summer they hardly 
touched one another. In the control experiment in which 

*Tn '4ub‘Jcqiient years T have separated the sand from the earth 
by lK>:irdj. 
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the distance between the plants was practically the same 
there were about the same number of plants that devel- 
oped stems as there were on the margin of the sand bed, 
in fact a little less, 53% amongst 348 plants. 

Our main result therefore is that the proportion of 
plants which developed stems in the center of the sand 
bed ’s 34% as against the 53% and b0% amongst the 
plants on the margin of this bed and in the control bed 
rcs])cctively. Equally striking was the sudden change 
in the behavior of tfie central plants in July, Tliis p(4nted 
s(nne special cause. I suspected that it was connected 
with the growth of the roots and tliat these about this 
time had penetrated the layer of sand and reached the 
fertile earth beneath it. When I dug up the roots at the 
conclusion of the experiment I found that these were, 
as a matter of fact, longer than half a meter and had 
l)ranched freely below the level of the sand. 

In order to find out whether this was the real cause 
of the development oi the stems I made an experiment 
in 18^^1 with a bed in which the layer of sand was much 
deeper (one meter). A part of the original sand bed 
wliich was only one-half meter deep, and a neighboring 
bed filled with ordinary good garden soil served as con- 
trol. This time the bed was surrounded by boards and. 
consequently, there was no diflFerence in the Iiehavior 
of the central and marginal plants. For this experimeiit 
T used the seeds of a culture of Oenothera rnbr{nenn>; 
which had been cultivated as an annual for two genera- 
tions (seeds of 1890 of the pedigree of Vol. I, p. 273). 
The sowing took place in May 1891. At the end of July 
I recorded the plants on the three beds, each of which 
was 3 square meters in extent. 
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PLANTS ANNUALS 

Sand-bed, 1 meter deep 161 21 % 

‘‘ J “ 226 50 “ 

Garden-soil 131 98 

On the control bed the distances between the plants 
were somewhat greater, but as practically they did not 
touch one another on the sand bed this fact does not 
signify. 

The seeds employed in this experiment gave a larger 
])roportion of annual specimens than did those of the 
previous one. The main result is that the proportion 
of plants which produce stems in their first year can be 
reduced to alxiut one-half by cultivation in a bed with 
half a meter of sand, and to less than a quarter by culti- 
vating in a meter of sand. 

The results of the foregoing experiments prove that 
biennial species which possess, in a semi-latent state, the 
capacity to produce annual specimens, can be induced to 
manifest this anomaly to a much greater extent by sup- 
plying them witli more food. Crowding of plants, sha- 
ding, lack of manure, or cultivation on sand, favor the 
l)roduction of biennials; but the more space, light and 
nourishment in the soil there is at the disposal of the 
individual plants the greater will be the number of those 
which will produce stems, flower and ripen their seed 
in their first summer. The stimulus of the winter or 
spring frosts, whicli in other cases induces the young 
])lants to develop stems, is without effect here ; for under 
the described conditions even seeds sown in the middle 
of May in the open ground may give rise almost exclu- 
sively to annual plants. 

Continued selection, however, fails either to fix the 
biennial races and to free them of annual specimens, or 
to free the annual races of biennial individuals. 



VIII. NUTRITION AND SELRCITON OI' SEMI- 
LATEN1' CHARACTERS. 

§ JO. ISCkli \SED X'UTRITION FAVORS THE DEVELOE- 
MENT OF THE ANOMAEV. 

I'luctuating vanability is a phenomenon of nutrition, 
whereas mutability is the result of hitherto unknown 
causes (Vol. I, p. 575). This statement, which is ]>cr- 
haps tlie sharpest exjjression of the contrast between 
fluctuating or continuous variability on the one hand 
and occasional sudden transitions from one species into 
another on the other, has been discussed niO’'e than once 
in this work. It is equally true for the variability of 
semi-latent characters as for that of normal ones. This 
side of the statement has also been already alluded to, 
and I have cited many instances in order to prove 
truth. Everywhere nutrition and variability are so in- 
timately connected that the physiology of the latter phe- 
nomenon can hardly be dealt with without rli.scussing 
its relation to the former. 

Artificial selection is the choice of the I^etter nour- 
ished individuals, except of course, when selection is 
carried out in the negative direction (Vol. I, p. 142). 
In the first volume I cited as a proof of this generaliza- 
tion an experiment with a semi-latent character. 1'he 
number of accessory carpels of Papaver somniferum 
polyccphalum was shown to be dependent on selection 
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and, to a no less extent, on nutrition. In tlie third part 
of the first volume, the curve representing the length of 
the fruits in Oenothera and the curves of the rays of cer- 
tain Umbelli ferae and Compositae also proved that these 
two factors operate in the same direction. Active and 
semi-latent characters are thus shown to behave in the 
same way with regard to these two factors. 

Since, however, the extraordinary variability of semi- 
iatent characters (of which an account has been given 
in § 2 of this part, p. 9), is one of the strongest supports 
of the doctrine of selection, it seems to me that it is worth 
while to attempt to make the relation between this phe- 
nomenon and nutrition specially clear. In this last chap- 
ter I will therefore deal with a series of facts gathered 
partly from the literature of the subject and partly from 
my own ol)servations, which all point more or less defi- 
nitely to the conclusion that semi-latent characters are 
largely dependent on the external conditions of life. 

External influences exert their effect on the develop- 
ment of organs during their youth, tliat is to say during 
the so-called susceptible period. After the character of 
the organ has been definitely established in this period, 
the further development cannot affect it. The number 
of leaflets in a clover leaf, of the petals of Ranunculus 
bulbosus, of the accessory carpels of Papaver are finally 
determined in this period; but the conditions of life at 
the critical moment are not the only factor. The accu- 
mulated effects of previous influences have also com- 
bined to determine the individual strength of the organ 
or of the individual ; and the part which this latter factor 
plays in the determination of the degree of development 
of the deviating character is sometimes greater and some- 
times less than that of the immediate external conditions. 
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The most susceptible stage seems to be that of the 
young embryo in the ripening seed, for external in- 


riueuces show their greatest effect 
on seed-plants. But they also play 
a part in vegetative methods of 
propagation and operate in the 
same direction, though as a rule 
v>ith less intensity. 

The gap betwccii anomalies and 
manual active characters is bridged 
l>\ a complete series of normal, la- 
tent characters. These too arc de- 
pendent on exteinai conditions in 
just the same way as the other two 
arc. As a general rule we may 
state that, within the specific range 
of jis character, the fomi of an 
organ is determined by external 
physical influences.^ 

y\s an instance let me cite the 
rcMiIt of some experiments with 
file germination of potato seeds.- 
'riie first leaves of the seedlings are 
simple (Fig. 56), and the follow- 
ing ones gradually approach the 
peculiar pinnate form of those of 



Fig. 56. Seedling of po- 
tato grown under un- 
favorable conditions 


the grown plant. If the germina- l*^^- From i to 6 
tion takes place in tlie garden, in -ncreases in complica- 

full sunlight, the plant develops ^{""’decreaseT ^again* 

quickly and the various steps in ^ 

the development of the leaf-form 


‘ Keimungsgeschichte der Kartoff elsamen in Landwirthsch. Jahr- 
biicher, VII. Jahrg., 1878, p. 35. 

^Loc. cit., p. 35. 
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follow rapidly on one another. But if the conditions are 
unfavorable, as in a room, differentiation proceeds more 
slowly.*' The internodes tend to become abnormally long, 
to produce too little wood, the leaves develop small pin- 
nules only, and in very unfavorable conditions I have 
sometimes observed an interruption in the series of leaf- 
ff)rms on the stem. Above the lyrate leaves simple ones 
were again formed, the series turning backwards.^ 

These phenomena are much better illustrated in those 
cases in which the first leaves are more compound than 
the later ones; for instance in the species of Acacia which 
l)roduces phyllodes in reference to which Goebel's iin- 
]K)rtant investigations have thrown so much light on the 
relation between embryonic forms and external condi- 
ti(ais.- I have already referred to this above; but I 
might now mention a figure of a seedling of Acacia 
vcrticillaia which, after it had already reached the stage 
of producing ])hyllodes, was induced to repeat the bi- 
]>innate form of the embryonic leaves by unfavorable 
conditions. Tn the same way the production of linear or 
arrow-shaped leaves of Sagittaria sagittifolia and that 
of the perforated leaves of Monstera deliciosa and others 
was shown to be det)endent on external conditions. In- 
sufficient nutrition tends to bring about a recurrence of 
the embryonic form, and it seems to be a secondary 
(juestion whether this is the simpler or the more com- 
])licated. The Campanula rotundifolia studied by Goe- 
in-L, the flowerstalk of which changed from the linear 
to the heart-shaped form of leaves,^ is perhaps the best 

' See also E. Roze, La transmission des formes ancesf rales dans 
Ics veg^taux, Journ. d. Bot., Annee X, Nos. i and 2, 1896. 

• K. Goebel, Organogr(ri>hie der PHansen, I, p. 150, Fig. 105. 

*GnEBEi., Flora, 1896, Vol. LXII, Pt I. 
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known example. Jn the case of the Conifers Beissner 
has also shown that insuflficient nutrition, for instance 
by cultivation in pots, can lead to a protracted reten- 
tion of the embryonic foim.^ In Eucalyptus Globulus 
and Acacia cornigcra stems which have been cut down 
pioduce branches which repeat the embryonic fomi of 
lea\es, which are sessile in the one sp^^cies and thornless 
and destitute of the so-cailed ant-bread apj^endages in the 

uther.2 

Fxactly the same general conditions obtain in the 
dv velopment of anomalies, that is to say of those char- 
acters which are only exceptionally or never (levelo|)ed 
in the normal life of tfie s|>ecies. Here again their pre- 
cise nature seems to \k a matter of iiulifference, that is 
to say, whether they are harmful or harmless; in either 
case they are under the influence of external conditions. 
Instances of deleterious characters are furnished by varie- 
gated leaves and by flowers and flowerheads which have 
l)econie sterile by doubling (see §§ 19 and 24). The 
same is also true of real monstrosities* such as fascia- 
ti«»n and twisting, as we shall see in the next chapter; 
and of new characters, reversionary phenomena, pro- 
gressive and retrogressive variatic^ns of which I shall 
give a series of instances in the following section (§ 27). 
It is true both of half races and of middle races; in Ixith 
it is the older or specific character which is intensified 
by unfavorable conditions, whilst the anomaly or the 
younger character is intensified liy ^avoral)Ie ones. Ob- 
viously there is only a .small step irom these two races 
characterized by the semi-latency of the former or the 

’L. Beissner, Handbuch dcr Nadelhohkunde. See also Bot. 
Zettung, 1890, p. 539. 

*F. Hildebrand, Botan. Zeiiung, 1892, p. 5. 
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latter character to the true elementary species in which 
the character of the parent species has become completely 
latent, for in this case the variation of the new character 
of course conforms to the general laws of variability. 

We have studied this relation of variability to nutri- 
tion from various points of view in our researches with 
the half races of Trifolium incarnatum quadrifolium and 
Ranunculus bulbosus semiplenus, but especially with the 
true middle races, Trifolium pratense quinqucfolium, and 
Chrysanthemum segetum plenum as well as with anal- 
ogous groups. 



I^ig- 57- Lysimachia vulgaris. Transverse sections of two 
buds which were to develop into upright stems in winter. 
A, quaternary, and B, trimerous symmetry. 


It should be rememl^ered that in all these cases we 
are dealing with variability in the restricted sense and 
not with mutability. How one race is transformed into 
another, we do not know. The phenomenon is as yet 
far too rare and has not yet been adequately investigated. 
'I'he variability of the cversporting races is of the trans- 
gressive kind; but it docs not lead, as a rule, to muta- 
bility. 

Finally I wish to illustrate by means of a scheme the 
relation l>etween the variability of semi-latent characters 
and the external conditions of life, and I select as material 
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for this the disposition of the leaves of Lysimachia vul- 
garis (Fig. 59). This species has opposite leaves as 
a rule, but often occurs with quaternary and ternary 
whorls. With regard to this character the species be- 
haves as a half race, in this neighborhood at any rate. 

If we examine the rhizome in the spring we find the 
vegetative buds growing vertically upwards under the 
top soil or moss and ready for sprouting. At this period 
it can easily lie seen that all of the buds have their scak s 



Fig 58. Scheme to illustrate the relation 
hciwftMi external conditions and anom- 
aly. Shifting of the apex of the curve. 
A, the effect of high nutrition; B, the 
effect of unfavorable conditions. The 
(<i) and (b) curves illustrate the dis- 
position of the leaves of the stems of 
Lysimachia vulgaris \ a, after high, 6, 
after low nutrition. (See the figures on 
page 314 ) 


Fig. 59. Lysimachia vulga- 
ris. Rhizome buds which 
would develop into stems. 
A, thick, with quaternary 
bud ; B, thin, with ternary 
whorls in the interior of 
the bud. The visible 
scales show a decussate 
arrangement in both 
eases (For diagram see 

Fig. 57.) 


in a decussate arrangement at the lower end (Fig. 59), 
but within the bud the disposition of the leaves is different 
In this region the structure is that which will be mani- 
fested by the growing stem in the s/mmer. 

The thickness of the future stem is correlated with 
that of the upright subterranean shoot, and on it depends 
the disposition of the leaves. The weakest shoots have 
the leaves arranged in opposite pairs, the stronger ones 
in trimerous and the strongest of all in tetramerous 
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whorls. This character of the stem, which must be defi- 
nitely determined by microscopical examination, can, how- 
ever, b6 predicted with sufficient accuracy by the thick- 
ness of the shoot. Of course, the same relation obtains 
in the summer when the contrast strikes the eye far more 
forcibly, and then we see that the lateral branches of 
ternary and quaternary stems have almost without ex- 
ception decussate leaves, obviously because they are the 
weakest of all. 

If the plant is taken into cultivation it is easy to mod- 
ify the proportions of the various sorts of stems by suit- 
able treatment, although vegetative methods of propaga- 
tion alone are employed ; but it must be remembered that 
the buds for the following year are already completely 
laid down in October, and that the disposition of their 
leaves is therefore finally decided at that time. The ac- 
tual disposition in any given year is therefore deter- 
mined by external conditions which prevailed in the pre- 
vious year. 

The curves in Fig. 58 are plotted from observations 
which gave the following results. In March 1890, 1 planted 
out a group of rhizomes in a favorable position in my 
garden, and in June I noted the two-, three- and^four- 
whorled stems, which therefore had been laid down under 
the influence of the unfavorable conditions which ob- 
tained in 1899. In the following summer I repeated the 
observations and thus formed an estimate of the effect 
of growth under more favorable circumstances (better 
soil and more light). The results were: 


RECORDS FOR 

WHORLS 2- 

3- 

4-mbrous 

totals 

Summer, 1890 

35 

21 

2 

58 

1891 

17 

40 

10 

67 


The apex is seen to be shifted from stems with oppo- 
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site leaves to steins with trimerous whoils (Fig. 58 b 
and a). 

The arrow \ in l"ig. 58 indicates the result of inv 
j>ro\ ed conditions, the arrow B that of more unfavorable 
ones. 

The figure therefore not only illustrates a particular 
case but is a graphic representation of our thesis that 
liigh nutrition favors the pr<^Khiction ot the anomaly. 

This scheme can l>e applied to a long series of cases, 
])<‘th of anomalies that occur in the lield and of iiighly 
\.iiial)le liorticiiltiiral varieties. The I)est known exainj>lc 
is furnished by the tricolored pansy llohi tricolor ina- 
Here, as every gardener knows, the spring and 
early summer fl(nvcrs have larger, much broader and 
more intensely colored petals than those of late summer.^ 
The greater drcxight and the gradual exhaustion of ma- 
nure around the plants are the causes. The same general- 
ization applies to numerous cases to some cT which we 
will refer in the following section. 


§ 27 THE TNFI UENCE OF EXTERNAL CONLTTTONS AND 
OF MANURING. 

J. CosTANTiN has dealt with the relation I)etvveen the* 
plant and its environment in a book devoted tf) this cjues 
tion.- In it he treats of the influence of the environment 
both on the normal characters of the plant and also on 
varieties and anomalies. An immenK? range of facts and 
observations is thus made accessible to the student. 

’V B. WiTTROCK, Viola-Studier, Acta Horti Bergiani, Vol. Tl, 
1897, Nos. I and 2. See also Verlot, loc, cit,, pp. 46-47. 

CosTANTiN, Lcs vcgHaux et les milieux cosmiques. Bibl. 
sclentif. Internationale, 1898. The earlier writings of this author 
have heen dealt with in our first volume (p. 99). 
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We shall here confine ourselves to true anomalies, 
tljat is, to semi-latent characters,^ and will start with 
some instances of plants which are propagated vegeta- 
tively. First let us look at the continued growth at the 
top of the inflorescence of the white clover (Fig. 60), an 
anomaly which is fairly rare in this region, 'but which 
has been intensified considerably by favorable cultivation 
in my garden. Fig. 60 affords instances of this anomaly 
selected from a vast number of available cases.^ Elonga- 
tion of an inflorescence into an ear-shaped peduncle, pro- 
liferation or formation of two inflorescences, one above 
the other, on the same stem, and the appearance of small 
clusters in the place of the individual flowers accompanied 
by an increase of the bracts are some of the more impor- 
tant instances. 

In the summer of 1890 I found near Hilversum a 
s])ecimen which bore a single flower on the elongated 
axis of one of its inflorescences. I transplanted it to 
my garden, sowed the seeds in the following year and 
obtained a few ‘‘perumbellate’’ inflorescences. Again 
T collected the best seeds and sowed them in 1891. When 
the plants flowered about 2% of the several thousands 
of inflorescences had proliferated, most of them belonged 
to the type shown in Fig. 60 B, others to the rarer types 
A, C and D. I then selected the best plant, isolated it 
completely, and made certain that all the branches really 
belonged to it. After this I divided it, planted out the 
parts, and let them grow as strong as possible. In this 

*Tlie methods of cultivation suitable for producing pure white 
flowers on colored \ arietie? of Syringa in winter, and the well-known 
blue coloration in the Hortensias are widely different. (See Verlot, 
he, cit,, pp. 6o-6i). 

*The anomalies in question have long since been dealt with in 
the literature of the subject, and have been collated by Penzig, in 
Teratologic, I, p. 387. 
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way I filled two beds of abont two square meters each 
in the summer of 1892. They gave a very characteristic 
half curve when the inflorescences were plotted according 
to the number of flowers on that part of the axis which 
had proliferated. These numbers, varied from 0 to 10 
and were distributed as follows ( August 1892): 

NUMBER FLOWERS ON THR PROLONOATION 
Oh rilK AXIS 

inflorescences 01234567891011 Totals 
On the 1st bed 325 83 66 51 36 36 18 7 6 1 1 0 630 
‘ “ 2nd bed 403 97 62 35 46 20 20 14 11 3 2 1 721 



Fig, 6o. Trifolium repens perumbellatum. Four different 
inflorescences from the same culture, A, with thick 
continuation of the main axis; B, the continuation thin 
and sparsely covered with flowers; C and D, with three- 
fold continuation. 

We see that one-half of the inflorescences on this 
plant had proliferated this time, partly as the result of 
selection, partly on account of improved cultivation. Most 
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of the perumbellate inflorescences appeared in July. Be- 
fore July there were 21%, in July 47%, in August 38%, 
and this last record was made on over 500 inflorescences. 

I continued the exi3eriment by planting out some of the 
creeping stems of this plant into two other beds, of which 
one consisted of good garden soil, the other of dry sandy 
soil. In this year under less favorable conditions of 
growth, the proportion of anomalies was less . Amongst 
about 300 inflorescences in each bed 6% had elongated 
on the sand bed and 12% on the control bed. On the 
former the plants were small, their leaves being smaller 
and ])aler and less numerous than the normal. 

This experiment shows that the proportion of anom- 
alous inflorescences is to a very large extent determined 
by external conditions even when the method (^f ])ro])a- 
gation is jntrely vegetative. 

In the literature of tliis subject we sometimes come 
across the view that anomalies are favored by improved 
external conditions l)ecause more nutriment is necessary 
for their development, and the fasciations, and the multi- 
plication of the numlx?r of leaves, leaflets, etc., are given 
as instances. As a matter of fact even when the anom- 
aly consists in a reduction of parts the same relation ob- 
tains. 1'his is shown by the second instance that I shall 
give. This is Potentilla anserina, of which I found some 
plants with occasional tetramerous flowers near Hilver- 
sum in 188^ among the ordinary pentamerous ones. T 
planted them out and divided them, and in the summer of 
18Q1 I selected the best sjiecimens and made sure that 
all the runners were still organically connected. In 1802 
T planted out one-half of this on a manured f)ed and the 
other half on an unmannred lied adjacent to it. 

From the middle of July to the beginning of August, 
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I counted the sepals of all the flowers. There were about 
J500 on the manured fjed, and about 1500 on the un- 
manured. Amongst them were many with live and four 
sepals, and about 20 with 3, but none with fewer than 3 
or m(>re than 5. Here again, a pronounced half curve 
was the result. I have reckoned together the proix^rtion 
of 3-4-nierou^ flowers for the individual counts, and at 
each stage in the count hg collected all the flowers which 
had opened since the preceding one. The counts were 
made when possible every fourth day, or, when the num- 
])er of flowers was too small, at greater intervals. The 
result was as ftdlows * 

»*ROPORTION OF 3 4-MEROUS FLOWERS IN %. 



June 




July 




Angus 

Day 

19 23 'v 

1 

5 

9 

13 17 

21 

25 

29 

"~2 

Manured 

7 13 24 

28 

34 

39 

50 65 

49 

49 

43 

27 % 

Unraanured. 

_ — 7 

— 

20 

33 

39 — 

42 

49 

46 

44 % 


We see that the proportion of anomabes increased 
on both beds gradually throughout the summer, reached 
it i maximum in the second half of July, and then sank 
again. On the manured bed, however, this proportion 
amounted to 65% of tlie whole and on the iinmanured 
bed to 49% of tlie flowers counted (160 and 224 flowers 
in the two cases resj^ectively ). In this case, therefore, 
both the periodicity and the relation to the external con- 
ditions are in all essentials the same as in the case of the 
white clover. In this latter case a plant which I had 
raised from seed served as material : but in that of 
PotentiUa a specimen which I had collected in the field. 

I shall now deal as briefly as possible with a series 
of further instances, emphasizing as before that the ex- 
ternal influences have the results in question only when 
the particular characters are already present in the semi- 
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latent condition. On completely latent characters no 
effect can be produced; we are dealing solely with half 
and intermediate races. “In other specimens, however, 
this is olaviously not the case,” says Goebel, “they retain 
their normal form even when grown in rich soil; the 
high nutrition operates on the malformation, not as a 
cause, but as a releasing factor.”^ 

It is a familiar fact that many garden plants de- 
teriorate if they are allowed to remain for a long time 
in the same place. They exhaust the soil and must, 
therefore, be moved from time to time. This is true, 
for instance, of Pansies, Anemones,^ Dahlias, Petunias,*^ 
the crested forms of many ferns^ and so on. Morren 
planted out a specimen of Saxifraga decipiens which 
had hitherto borne normal flowers on stony ground, into 
good garden soil. In this it grew very vigorously, formed 
larger flowers than l)efore, and manifested at first a 
sliglit transfonnation of its stamens into petals which, 
however, increased gradually during the course of the 
summer until ultimately the flowers became entirely 
dou])lc.'* In Hcdychium coronarium the structure of the 
flowers is also shown to be dependent on nutrition.® 
Wild apples and medlars lose their thorns in a few years 
if they are transplanted to gardens,*^ and Carlina acatdis 
becomes the so-called Var, caidescens, in rich soil, a fact 
which has already been recorded by Wolff in his Theo- 

* K. Goebel. Organograthte, T, p. 159. Various instances are also 
givtMi by Burkill, Journ. Linn. Soc. Bot., Vol XXXI, 1895, PP- 2i8ff. 

’ Vilmorin-Andrieux, Les fleurs de pleine terre, p. 87. 

■'Hildebrand, Ber, d. d. hot. Ges., Vol. XIV, 1896, p. 327. 

* Lowe, cited by Goebel, loc. cit. 

“ Bull. Acad. R. Bclg., Vol. XVII. Pt I. p. 424. 

* Fr MOller, Flora, 1889. Pt HI, pp. 348-352, PI. 16. 

’ De Canpolije. Physiologic vcgctalc, TI, p. 721. 



External Conditions and Manuring. 




ria gene^aiionis. The branching of the ears of Triiicum 
turgidum compositum (Vol. I, p. 125) and the cari)cllo- 
mania of Papavcr somnifernm (Vol. I, p. 138) are to a 
very large extent de|3endent on external conditions. 
Double poppies become almost single under unfavorable 
conditions; I have observed this in Papavcr somniferwn 
nanum album in my own culture Again the douUe 
Saponaria officinalis pic; a seems to become single after 
transplantation, but subsequently to regain its douMe 
cliaracter.^ The ordinary Saponaria officinalis often 
forms hexamerous flowers in this neighborhood, 'fhese 
were, however, more numerous in my cultures under 
good than undc’* bad treatment. The studies of Pky- 
lUTSCTi on the nifluence of the cutting down of wood- 
bands on peloric varieties has already Ix^en referred to 
( § 21. p. 225). On a lime tree in the vicinity of Baarn 
])itcliers are produced every year; but I always found 
them on the open sunny side and never in j arts of the 
tree where the branches were shaded by neighboring 
trees. 

'riie color is also well known to be very dependent on 
external conditions. Achillea Millefolium rosea will only 
form its fine red inflorescences in a sunny position; if 
this is shaded the color is pale or absent, as I have myself 
often observed. Inflorescences grown in the dark re- 
main quite white, even when they would otherwise have 
l:)een red. The same is true of Begonia semperflorens 
atropurpurea Vernon, whose brown red foliage cannot, 
so to speak, stand the smallest amount of shadow. In 
this case I have succeeded in making some plants almost 
quite green by shading them during their youth. I'he 

* MrNTiNf;, Waare OctfcninRcn der Plant cn, 167T, p. 588. Also m 
my garden. 
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color of Amarantus tricolor, the variety of whose color 
is its only claim to popularity, 'is dependent on external 
conditions.^ 

Zcct Mays forms more bi-sexual panicles and ears 
when the seed has germinated at a high temperature. 
Ranunculus btilbosus semiplenus (§ 23, p. 258) forms 
more petals if it germinates in the summer than if it 
germinates in spring. Summer wheat can, as is well 
known, be transformed into winter wheat by sowing it 
in autumn, although, as it appears, only in a small pro- 
portion of indi vi duals. - 

Amongst the cultivated Begonias we sometimes find 
bi-sexual flowers which are the result of the appearance 
of stamens in female flowers; in them the inferior fruits 
l)ecome more or less completely superior and other anom- 
alies make their appearance.'^ For the last 12 years I 
have grown such a specimen of Begonia Sedeni (B. boli- 
viensis X Id- Pcarcci) which I have gradually multiplied 
l)y dividing its tubers. In the summer of 1890 I marked 
the tubers which i)roduced the smallest numbers of such 
transformed flowers and planted them out in 1891 into 
a bed wliich was more richly manured and better situated 
than the rest. As a result of tin’s they produced a con- 
siderably larger numl^r of anomalous flowers than the 
control specimens. Lupinus luteus sometimes produces 
twisted inflorescences.^ Seeds of such flowers collected 
in the field and sown in the garden did not repeat the 
anomaly ; but in the next generation it reappeared as the 

' Vilmorin-Andrieux. Les Aeurs dc plcinc terrCf p, 64. 

*Monnier, cited by Darwtn, Variations, T, p. 333. 

*P. Magnus, Sitsher, d hot. Vcr. d Prov. Brandenburg, XXVI, 
1884, p 72, Table II, and Penzig, Teratologic j I, p. scx). 

* Monographic der Z^vangsdrehungen, Tahrb. f. wiss. Bot, i8qt. 
Vol. XXIli, p. J07, PI. IX. 
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result of heitvier manuring and l>etter treatment (^1890- 
1892). 

Of a kindred natu»*e, probabiy, is thv well-known 
fact that anomalies are more abundant in certain years 
than in others. Munting rec<)rds foi Lilium cruen- 
turn plenum^ diwd Kickx for ])itchers, of which there was 
in the neighborhood of Gent, in Be'giu’p, somctliing like 
an epidemic in 1848 \C tobacco fields, and in 1851 
in Rosa Gallica and Rosa centifolia? In the neighbor' 
hoc.d of Freiburg there was an extraordinary abundance 
of floral malformations in the summer of 1866/^ In 
France the hot and dry summer of 1893 brought out a 
large number of these, and Gaonepain records a long 
series of anomalies which he observed at that time.§ ** The 
year 1845 was a great year for peloric Calceolarias, 1862 
for central umbels in Auricula (in England), h'or ten 
Nears I have observed the formation of j)itchers in Mag- 
nolia obovata and that of hermaphrodite flowers in Salix 
aurifa. In both these cases the frequency varied greatly 
with the year, although the specimens which were exam- 
ine<l closely every year, were growing in our garden. I 
sliall not extend this list which the reader may easily 
complete either by iiensonal observations or from the 
abundant literature on the .subject. 

§ 28. THE PERIODICITY OE .SEIVIM.ATENT CHARACTERS 

Tlie immediate external conditions which obtain dur- 
ing the suscei)tible i)eriod of develoiMuent do not consti- 
tute the sole factor which determines the greater or less 

’ Muntinc, loc at., p. 501. 

* J. Kickx, Bull. Acad. Roy. Belgique, Vol. XVI H, Pt. I, p. 591, 

* Hildebranb, Bot. Zeitung, 1866, p. 239. 

* Bull Soc. Bot. France, Vol. XL, 1893, PP 
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visible development of senii-latent characters. Of almost 
equal importance is the individual strength of the young 
plant, which, however, is the result of the operation of 
external factors during preceding periods of time, which 
may be weeks or months or even years. The stronger 
a bud is, the more is it liable to produce anomalies. 

This phenomenon is most clearly seen in the periodic- 
ity of the manifestation of anomalies by the same plant, 
and in the parallel between this manifestation and the 
gradual increase and subsequent decline in strength, either 
of the whole individual or of the succeeding orders of 
its branches.^ This periodicity has been exhaustively 
studied in the five-leaved clover, and we have become 
familiar with instances of it in several other species. 
It remains now therefore to examine the nature of this 
process from a more general point of view. 

For this let us select a concrete instance. 

In gardens a double fonn of Chelidonium majus is 
often found in which, as a rule, the doubling is only slight, 
and seldom consists in the production of more than 
16-20 jjetals per flower (Fig. 61). On the plants in my 
cultures this doubling regularly increases from the spring 
until the summer, both on the main stems of plants in 
their first year and on the lateral stems of plants that 
have l)een wintered. For instance in May all the flow- 
ers were single, i. e., with four petals (Fig. 61 A). With 
June the number began to increase, and many flowers with 
6 and 7 and occasional ones with as many as 10 petals 
occurred : whilst in the second half of June the majority 
had 12 to 14 and some IS and 16 petals. Every year 

^ Over hrt f>cnodisch of>treden der anomalicn op monstreuse 
planten Bot. Jaarb., Gent, Vol. XI, 1899, p. 46, and Ueher die Perio- 
dicitiit der parficlirn Fariationen, Ber. d. d. bot, Ges., Vol. XVII, 
P 45 



The Periodicity of Semi-Latent Characters, 325 


the doubline^ was seen to increase in intensity in the same 
way* 

Braun, in his great work on the rejuvenescence of 
plants, has discussed the part played by periodicity in 
normal development with great thoroughness and clear- 
ness.^ In the whole plant and also in the separate ordeis 
of branches the vigor of life gf>es up and down. The in- 



Fig. 6i. Cheltdonium majus plenum. A» a normal flower 
with four petals; B and C, flowers with five petals; J), a 
flower with eight well-developed petals and two pclaloid 
stamens. 1-5, the transition between stamens and petals. 

dividual strength of the plant is perpetually fluctuating, 
affecting the size of the leaves, the length and thickness 
of the internodes, the nuniher of lea. lets in conij^Kmnd 
leaves, the numl^er of rays in the umbels, the ramifica- 
tions in the inflorescences, the number of florets in the 

*A. Braun, Verjungung, pp. 23-55, 75-76, 90 elc. See further: 
IIf.inricher, Biolog. Centralhlatt, Vol. XVI, No. i, pp, 13-14. Po- 
KORNY, Sitzber. d. Acad. d. Wiss., Vienna, 1875, Vol. 72, pp. 527 - 547 - 
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flowerheads of composites, and so forth. Every shoot 
has its cycle. It begins with simple or atavistic forms, 
then gradually manifests the characters which are pecu- 
liar to" the species in their full development, and gradually 
reverts. From the primary shoot this cycle is transmitted 
to the secondary shoots and from these to the branches 
of still higher orders. In this process the latter may 
l^ecome stronger or weaker in comparison with the main 
shoot, or even of equal strength. As a rule the branches 
are weaker than the main shoot ; those which are not fall 
into two categories according to Braun, strengthened 
shoots and repeating shoots (Erstarkungssprosse and 
IVicdcrholungssprossc).^ Spikes and racemes are the 
l)est known instances of weakened shoots; their apical 
flowers, if such are present, are in advance of all the 
rest in their development as for instance in the peloric 
Digitalis, In the red clover the main shoot consists of 
a short upright rhizome, whereas the lateral branches 
gradually increase in strengih and develop into flowering 
stems. In Tctragonia cxpansa the main shoot is always 
short and erect, terminating with a flower. The secon- 
dary shoots often grow to more than a meter in length 
and are much stronger. Instances of strengthening 
shoots are the lateral branches which arise from the 
axils of the radical leaves of many plants (Ranunctdus 
bulbosiis), or from the middle part of the stem {Chry- 
santhemum segefum and Trifolium incaruatum) ; also 
the forked inflorescences as in Saponaria officinalis. Re- 
peating shoots are often runners, and then we have what 
Buaun calls ‘‘repetitional generations.’’ as in Valeriana 
officinalis, Lysimachia vulgaris ^ etc. 
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Space docs not permit the extension of this list;^ 
moreover all I am Ci)ncernecl with here is to show that 
this scheme also holds good for the distribution of anom- 
alies on the plant. Unfortunately it often cati not be 
exactly applied because it is complicated with the effect 
of external influences. Eveiy slioi^t and system of 
branches has its siisteptilile j^ieriod, during which the 
external factois which happen to prevail favor the pro- 
duction of the anomaly, or the type of the species, ac- 
cording to ilieir nature. But apart from these numerous 
fluctuations the rule holds good wlierc the material is 
>urflcientl} plentiful to justify the neglect of exceptions. 

In a culture of Spcutlaria SpcculitJH which I had in 
1892 I found the flowers to lie partly tetramerous and 
partly jientaincrous. The pentamerous ones occurred 
at the top of the stem and of the strongest branches of 
the second order, whilst all the remaining flowers were 
tetramerous. A similar difference between a])ical and 
lateral flowers is exhibited as a normal character by 
.l(l<’.va M oschatcllina and by many other ])lants. The 
Finns sylvesiris of this neighborhood often has its needles 
combined into groups of three instead of groups of two. 
I'ach such group of needles, as is well known, belongs 
to a single dwarf shoot or spur. I found that the tri- 
foliate spurs occurred almost exclusively on the stronger 
branches, and chiefly at their upper end: l)ut where they 
(lid occur they were numerous and closely packed. As 
a rule it is the main stem itself which I>ears them, but 
sometimes the strongest branches do .o as well. There 
occurred np to 15 trifoliate spurs on the same one year’s 
growth of the stem, all clo.se to the apex, mixed with 

'On the question of periodicity in thfe branching of cereals see 
ScHRrBAUx in Journal d*44l^iculture pratique, 1899, and Rimpau in 
Landwirthsch. fahrbucher, Vol. XXIX, p 589, 
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numerous bifoliate ones. Pinus Pinaster exhibits the 
same phenomenon. In different years the frequency of 
its occurrence varies greatly. 

Camellia japonica with striped flowers, is striped 
mainly in November and December; but if it flowers 
in April, it produces only self-colored ones.^ A form 
of Trifolium repens produced pitchers in my garden al- 
most every year in no inconsiderable numbers and in 
great variety of fornis. But they never occurred except 
in the spring;^ just as the lime bears its pitchers chiefly 
on the first leaves of the branches and Saxifraga crassi- 
folia on the lower abbreviated and leafy part of the 
flower peduncle.'^ Ulmus campestris, on the other hand, 
forms its pitchers chiefly from the strongest leaves in the 
middle and upper part of the branches. 

It is in this middle region of the branches that anom- 
alies are most commonly found, either exclusively or 
chiefly. Thus Fritz Muller describes a Begonia from 
Brazil, of the height of a man. which bore little append- 
ages at the base of the leaf blade,^ which were usually not 
more than 1-3, and sometimes from 5-50 mm. long. 
They were only found on the fourth to the tenth leaf, in 
one case from the second to the fifth leaf, of the upright 
stem; and occurred at the same height on every anom- 
alous stem, both in the garden and in the field. 

In May 1890 I observed a group of Epilobium Mr- 
sutum, the numerous and still young stems of which 
were for the most part forked. These divisions occurred 
always about the same height and did not recur during 

'Verlot, loc. cii., p. 67. 

*J. C. CosTERUS, Bekertjes aan de eindblaadjes van Trifolium 
repens. Botan. Jaarboek, Gent, 1892, p. 13, PI. I. 

•T. Tammes, Kon. Akad. d. Wetensch., Amsterdam, igoj. 

* Fr. MOller, Ber. d. d, Ces.» Vol. V, p. 44. 
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the course of the summer They were split fasciations, 
but the division had gf>ne somewhat deeper, as was vis- 
ible by the individual leaves Ijeing torn from below up- 
wards witli one half adhering to the one ami of the 
fork and the other half inserted on ♦lie oth *r arm. Such 
leaves occurred on several shoots, but, as already stated, 
always at the same height on the plant. 

The lower end of i4i<uiy racemose inflorescences is 
a favorite place for anomalies. Thus slightly double 
varieties of Gladiolt4s bear double flowers almost always 
in this position only. The racemes of Prunus Padus 
licar lateral racemes in this position almost exclusively ; 
and, in other cases, it is also only in this position that 
tetramerous flowers are borne. Many double varieties 
are known to liear single flowers at the end of the flow- 
ering period, and sometimes also at the beginning. These 
flowers alone set seed, while the double ones are sterile. 

It is well known amongst horticulturists tiia^ in multi- 
plying perennials and bulbs by seed, the value of the 
plants cannot definitely be estimated in the first year in 
which they flower. It is not until the second or the 
third year of the flowering that their qualities are dis- 
played to their full advantage. Many specimens of 
Chrysanthemum indicum, which when raised from seed, 
are only half double in the first year, will develop double 
flowers ill the second year if grown from cuttings.^ The 
varieties wn’th tricolored leaves of Pelargonium conalc 
tricolor do not exhibit their full range "•f color until the 
second year after their seed is sown," To breeders of 
tulips, hyacinths and other bulbous plants this rule is 
well known. 

'Reid and Bornemakn^s Catalogue, 1891, p. 20 . 

Sutton's Catalogue, 1891, p. 77- 
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The rule for ordinary branching is that the anomaly 
diminishes with the higher orders of branching, omitting 
from consideration, of course, the strengthening and 
repetitional shoots. Every one knows the beautiful case 
of Myosotis azorica Victoria (M, alpestris var.), which 
lias Ijeen on the market for many years, and was de- 
scribed by Magnus.^ This heritable anomaly has a very 
much extended flower at the top of its main axis, often 
consisting of more than 10 and sometimes over 20 petals 
in one row. The number of sepals and stamens has cor- 
respondingly increased. The subsequent flowers of the 
inflorescence have become much less compound and the 
number of petals gradually diminishes during the course 
of the flowering period, until finally only pentamerous 
and hexanierous flowers are produced. Chrysanthemum 
inodorum plenussimum manifests a similar periodicity, 
and the number of petals in Ficaria ranunculoidcs and 
Ccntaurca Cyamis are in the same manner dependent on 
the order of branching.- Veronica Btixbaumii, according 
to Bateson and Pertz, l>ears the largest number of 
anomakms flowers at the lieginning of the flowering pe- 
riod, that is to say, just l)efore it is at its height.^ Myo- 
sums minimus bears the more single flowers the weaker 
tliese are.^ A number of similar cases have already been 
collected by Mtnting in the .seventeenth century, and 
recently by Burkill amongst others.-'* 

nyrhandl d. Bot. Ver. d, Prov. Brandenburg, XXIV, 1882, o 
1 19. PI IV. , 1 


*J. Mac Leod, Botanisch Jaabock, Gent, 1899, Vol. XI. 

“AV B.\teson and Miss Pertz, Notes on the Inheritance of 
(Uion tn the CoroUa of Veronica Buxbaumii, Proceed. Canibridce 
Phil Soc, X, Part 2. p. 78 (1898). 


MI. Muller, Nature, Vol. XXVI, 1882, p. 81. 

" \ Mx^ntinc. JVaare oeffeninge, 1671 ; J. 11 . Burkill, Liunaean 
6or. Journ. Bot . Vol. XXXI, 1895, p. -Zib 
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Tagetcc africana and T, signata often first exhibit 
single flowerheads only, but subsequently double ones in 
increasing numbers on the same plants. The same thing 
can ]♦€ seen in Zinnia clegans, and in Althaea rosea the 
flowers are sometimes seen to Ixjcojne more double as 
wc proceed up the stem. 

Weak lateral buds in variable races often exhibit a 
S|)eciai tendency to at^v’sfic variations. This is true of 
tlie branches of the highest orders, of tlic accessory 
shoots, which are formed in addition to the iK^rmal axil- 
lary bud. of resting buds, etc. But it should be remem- 
bered that it is just these buds which often develop into 
\ery strong branches and become the succulent shoots 
which tend to reproduce the anomaly rather than the 
specific type. I have already referred to this exception 
above 

Capsclla Hecgeri, the new species described by Solms,^ 
])roduces reversions to C. Bursa pastoris on i*^s weak lat- 
eral branches and, according to the same author, the 
^ame phenomenon is exhibited by those varieties of Nas- 
turtium palustrc which have been lumped together into 
the genus Tetrapoma. Papaver somnifcriim polycepha- 
turn produces flowers without any accessory carpel almost 
exclusively on the very weak branches which arise from 
the T7iain stem towards the end of the year when the 
lateral branches have l:)een cut away. The jx^loric flowers 
of f)igifalis purpurea are monstrously developed at the 
apex of the stem and on the strongest lateral branches; 
l)ut on the weaker ones they are simjde and very regular 
fFig. 42, p. 223). 

Such buds can often be induced to develop by cutting 

*H. Graf zu Solms-Laubach, Cruciferenstudicn. Botan. Zei- 
tnnp:, tqoo, Pt X, p. 167. 
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down the main stem; and by this means we can often 

obtain the desired variations, as Goebel has shown, 
* 

unless the anomaly is too much favored by a very vig- 
orous growth. 

§ ag. THE CHOICE OF SEEDS IN SELECTION. 

From the periodical changes in the tendency of the 
plant to ])roduce anomalies, we might expect a corre- 
sponding i^eriodicity in the seed,s.^ The seeds of flowers 
V, hich have bloomed under favorable circumstances should 
produce more anomalous individuals, those of the weaker 
l)ranc!';"s, on the other liand. more atavistic ones. This 
expectation, however, is only to a slight extent fulfilled, 
and the latent capacity of the seeds seems to be regulated 
much more by factors other than those determining the 
I»eriodicity of the parent plant. Our knowledge of this 
subject is. however, still in its infancy. 

Nevertheless there is a whole series of facts which 
are worth collating liecause they are likely to .serve as a 
stimulus to further investigation. In doing so, it should 
Ik- emphasized that in the .selection of seeds we are con- 
cerned with variability and not with mutability, and in 
m()st cases, in fact, with the e.xtreme fluctuating varia- 
bility of semi-latent characters. 

It IS only a .strong, well-developed seed, furnished 
with a healthy prm and richly supplied with food mate- 
rial that can give rise to the very strongest plant in a 
healthy culture. Doubtless, of course, the differences 
iK-tween the individual seeds arc to a large extent levelled 
down during the first weeks after sowing: but this is not 
always the case. Obviously the most favorable condi- 

hvirvirthschoftlichen Cultur- 
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tions can only give the best possible result when they 
are combined witli the h’ghest germinal capacity. 

For this reason in agricultural practice and occasion- 
ally also in horticulture special attention is often paid 
to the individual seed. The points to which attention is 
paid are, on the one hand, the size and weight of the 
individual seeds and, on the other," the place of their 
origin on the parent plant. The practice of selection in 
cereals consists essentially in the choice of the largest and 
heaviest seeds, or more 
strictly, in the elimina- 
tion of the smaller ones by 
winnowing machines or 
other devices.^ When the 
object is to produce small 
families to serve as the 
stocks of, new races, .meas- 
urement and weighing of 
the individual seeds is rec- 
ommended by the best 
authorities, and special 
trays for determining their 
weight have been devised.^ 

An important advance 
in the method of selection 
has been made in recent years by Van de Velde who 

’ See Von Rumker, Getreidezuchtung, 1889, and Von Rumker, 
Der wirthschaftliche Mehrwcrth guter Cult urvarie tat en und ausge- 
lesencn Saatgutes, Arbeiten der D. Landw. Gesellsch., 1898, Pt. 36, 
p. 127. 

*VoN Rumker, Journ, fur Landivirthschaft, 39. Jahrg., Pt. 2, 
p. 129. 

*The specimens from which this drawing was made T owe to 
the kindness of Messrs. Kuhn & Co., beet seedsmen in Naardcn, 
Holland. They were taken from selected beets of the very high 



Fig. 62. Clumps of fruits of the 
sugar beet; half schematic. A, 
two ripe clumps on a stem ; B, one 
of these cut longitudinally show- 
ing the three seeds in the three 
special fruits.* 
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has studied the relation between the size of the seeds 
*r.n rapidity of germination.^ As a rule the larger seeds 
germinate ^faster than the smaller ones; and thus their 
weight favors the production of strong plants in more 
tlian one way. Moreover, as has long been known, the 
' eeds which germinate the first are the best and produce 
the finest plants. When harvesting of flower seeds has 
TO lie done in tlie field, the first seeds often fall out before 
the harvest; they germinate easily and usually do so at 
once; and we alb know that from such seeds the finest 
specimens may lie produced. In fact for certain definite 
siKfcics the handbooks recommend the practice of allow- 
ing them to sow themselves, since this self-sowing leads 
to much belter results than are obtained even from .seed 
carefully harvested at the proper time. 

'fhe (iuestion as to where the best seeds occur on the 
plant is one that has been much discussed. Let us con- 
sider the sugar l)eet as our first instance. In this species 
2-3 or more fruits are associated to form a so-called cluni]i 
( h'ig. 62), in which the uiiper flower produces the larg- 
est seed Fig. (>2 h ) ; whilst the lateral seeds of the same 
clump are less fine and markedly smaller and differ 
amongst themselves very much in size.- This phenom- 
enon has Ikhmi recently subjected by Rriem to an exhaus- 
tive investigation.*^ Tie sowed the clumps, and planted 
out their individual seedHng-> separately in a row. In 

perrentape value of from i8q to 20 of snpar, and with roots 
weiKhing fxx)-noo grains. 

'V^AN nr. Velhe, Inrlocd ran Jr (fir "oJt-n op dc kiemin^ 

Ih'taiiisch ja.arh. (unt, itSgS, pp. ioq-j.u. 

' Knmunf:sf:(\u'hii hti' drr ^uikcrruhc, T.ar.(hv tnhrh, VITT, 1870 

•H. Brifm. Sfudirn uher Samitiruhrn cinem Ruhenkmuel ent- 
stammrnd. Oc'^tci r -I'ngar ZHts<l.r f /ti.'kerindustrie und Land- 
wirthsch.. fooo, Pts n. IV. and M 
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this way the plantlets derived from a single clump could 
be compared with one another throughout the whole 
course of their development. The largest seed l)ecomes 
the largest seedling which produces the finest beet, and 
lastly the most fertile seed-parent. The lelative weights 
of the five seedlings o^ a clump at the end of germination 
were as follows: 100 — 74 — 67 — 51 — 46. The heaviest 
seedling weighed 5.8 milligrams. The full-grown beets 
derived from a single clump weighed in one case 1156, 
859, 574, 344, 310 grams," and the> furbished respectively 
241, 167, 202, 239, 104 grams of seed at the end of their 
second year. 

E. ScHAAF considers a very important advantage of 
the so-called ‘'cutting’^-culture in beets to be the exclusive 
development of the largest seed of each clump which is 
effected by the close jiroximity of the plants during the 
l)roduction of the clumps.^ 

Amongst cereals the matter has been most thoroughly 
imestigated and I refer the reader to the literature on 
the subject which I have already cited. The heaviest 
grains are situated at the middle or somewhnt below the 
middle of the ear. Fruwirtii showed this to be true 
for barley, rye, wheat, spelt, and also for maize.- There 
proved to be certain subordinate differences characteristic 
of the various varieties and species.** Broynino found 
that in oats the lower grains of the lateral ears are far 

ScHAAF, Blatter fur Zuckerriibenbai', JahrjQf. VTI, No. 24, 
Dec. 1900. 

®C. Fruwirth, Ueber den Sits des schwersten Kornes in den 
Pruchtstanden bcim Getveide, in Wollny's l^'orschiiiifren auf deni 
Gcbiete der Agnc.-Pliysik, XV, 1892, p. 49. 

E. Nothwang, {Inters, iiber die Vertheilung d. Kornergewichtes 
an Roggenahren, Diss., Leipsic, 1893; Bot. Centrall)latl, 1^5, II, p. 
263. 
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better than the upper ones/ and the same is true of other 
.']vxies of cereals. 

Lastly ^some reference should be made to those cases 
in which individual seeds possess the peculiarity of 
germinating late, and of remaining one or more years in 
the soil, as for instance the small seeds of various species 
of clover. In Xanthiiim canadcnse each fruit contains 
two seeds, one of which germinates after the first win- 
ter, the other not until after the second.^ 

When we are^dealing with semi-latent or, in general, 
with highly variable characters, a selection of seeds either 
by their size and weight or by their place of origin on 
the i)lant is to be recommended in many cases, and the 
general rule seems to l>e that the place of origin of the 
best seeds will ?ilso be that of the desired variants. There 
are some cases in which this rule does not apply, such 
as we have seen in Tri folium incarnatum, where it is 
the smallest late germinating seeds which contain the 
best rci)resentativcs of the four-leaved half race. 

In ChcUdomum luajus plenum the single flowers 
bloom first, and the double ones later, as we have seen 
in the preceding section (§ 28). I have harvested the 
seeds of both and sown them separately; but found no 
difference in resiK^ct of tlie doubling amongst the off- 
spring. n.\TES 0 N and Miss Phrtz- also failed to find 
any difference in respect of doubling amongst the off- 
spring of nonnal and abnormal fl(^wers of the same 
j)lant with Veronica Buxhaumii In Oenothera Lamarck- 
iana I found about the same i)ercentage of annual and 

' F. F. Bruyning, Proefnem^ngen met havervaricieitev, Watre- 
ningcn, 1900. 

*.T. C. Arthur, Proceedings Jnn. Meeting Soc, Agric., Science 
August, 1895. 

•\V. Bateson and Miss Pertz. he, cit , p. yg. 
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biennial individuals from the upper and lower fniits of 
the same spike. In Viola tricolor maxima the small sum- 
mer flowers furnish the main quantity of seed. It never 
occurs to a seed collector to regard them as of less value 
than the first seeds. In many double phnts, especially 
in Begonia, it is practically only the flowers which bloom 
last that produce pollen and set seed. ’ This seed is always 
sown without any detrimental result to the degree of 
doubling of the variety. 

On the other hand it is generally regarded as desirable 
to harvest the lower seeds of the inflorescence in the cox- 
comb, Celosia cristata; and in the case of the crested spe- 
cies of ferns {Varietates cristatae) the spores which are 
found on the dissected leaves, and still more on the tips 
of such leaves, are regarded as the best, although spores 
found on the other parts of the leaves will certainly re- 
peat the anomaly.^ Another instance which has been 
studied by many investigators is furnished by the stocks, 
whose double varieties have been known for a very long 
time, for a century at least, to consist in each generation, 
of double and single plants in about equal numbers.^ 
The former are absolutely sterile, lacking pistils and 
pollen as a result of their petalomania (see Vol. I, p. 
194), so that only the latter can play a part in the con- 
tinuation of the race. There are certain differences be- 
tween the seeds which produce the single and the doulfle 
specimens. The latter are heavier and germinate more 
quickly,^ and the young plants can be sorted out in the 

' See the long list of references given by Goebel, Organographte, 
I, p. 158; Verlot, he. cit., p. 97; Carri^re, loc. cit., p. 67; Kencely 
Bridgmann, Ann. Sc. nat., 4" Serie, Vol. XVI, p. 367; C. T. Druery. 
Journ. Roy. Hort. Sac,, Vol. XII, III, 1890, p. 517, etc. 

*E. Chat6 Fils, Culture pratique des gtroHSes, Paris, Biblioth. 
de lliorticulteur praticien. 

• Nobbe, Botan. Centralblatt, Vol. XXXII, 1887, p. 253. 
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long before they exhibit biicls.^ The lower pods 
. 11 liie main stem and on the principal branches as well 
as the lo^yer two-thirds of each pod furnish on the 
average more double than single plants; the upper sec- 
tions of the pod and the pods of weaker branches yield 
more single ones. The proportion of double plants in 
the harvest can be increased to about 60 % either by lim- 
iting the production of seed by means of culture in pots, 
or by pruning; and in the best nurseries the finer sorts 
are usually subjected to this treatment. If the seeds 
are ke])t through some years the i)roj)ortion of double 
seedlings gradually increases, because the mortality is 
greater amongst seeds that were destined to produce 
singles. 

It is stated that in the case of the Balsam and many 
other double flowered varieties the seeds are rounder 
and fuller and also smoother than those of the corre- 
s]K)nding single sorts. The ^Vlouble'^ seeds of Petunia 
are said to germinate later than the single ones, so at 
least I have been told by nursery men at Erfurt. In the 
C'omposites the central seeds of the disc in double vari- 
eties are .said to be more likely to repeat the anomaly 
than the marginal ones. All these statements should, 
however, W regarded critically, and many of them are 
in need of exi)erimental confirmation. - 

Nevertheless the general rule is that the various seeds 
of a plant may give rise to offspring of widely different 
degrees of individual vigor, according to the place of 
their origin on the parent plant, their size and their 

* This process which is carried out by children is called csimplcr, 
in I'rance The matter stands in need of closer investigation. 

* Peyritsch has collected references to the earlier literature re- 
lating to this jKunt Zur Aetiologie pclorischcr BlUthcnbildungcn, 
Ahhandl k. k Akad. Wien, 1877. pp. 135-136. 
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weight ; and that, in accordance with the rules wliich we 
liave already enunciated a greater or less development 
of the varietal character is correlated with these degrees 
of strength. 




PART II. 


THE ORIGIN OF EVERSPORTING VARIETIES. 




L TRICOTYLOIJS RACES. 

§ I. THE OCCURRENCE OF I'RICOTYLS AS HALF RACES 
AND INTERMEDIATE RACES. 

In the chapter on latent and semi-latent characters in 
the first part of this volume, I have discussed the differ- 
ence between half races and intermediate races. It is 
not in the possession of certain elementary characters 
that they differ one from another; in this respect they 
are identical. They possess exactly the same characters 
and in the same numbers. That feature, however, which 
constitutes the point of difference, is semi-latent in the 
half race, that is to say manifests itself only rarely and 
in occasional individuals, one in every thousand for in- 
stance. In the intermediate race, on the other hand, it 
is active and equiv^alent to the character to which in the 
half race it is, as it were, subordinate. Considered with 
regard to the features which distinguisli them, both races, 
therefore, possess two elementary characters, which, how- 
ever, cannot be expressed simultaneously in the same 
organ but are mutually exclusive. 

In an ideal intermediate race, these two antagonistic 
characters would be of exactly equal value; that is to 
say, half of the individuals would exhibit the one, and 
the other half the other character. Whether such ideal 
races actually exist in nature is an open question, since 
as a rule one of tlVe two characters is more or less easily 
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manifested than the other. Moreover those cases would 
lave to be excluded in which either the conditions of 
life or some selection of the race could have exerted an 
influence in one direction or the other; for, as we have 
seen, intermediate races are very susceptible to both these 
groups of factors. 

Among the intermediate races known to me the tri- 
cotylous and syncotylous forms approach most closely 
this ideal picture.^ For, in pure cultures, they furnish 
as a rule 50% dicotylous and 50% tricotylous or syn- 
cotylous seedlings. By altering the conditions of growth 
as well as by selection this proportion can be easily and 
greatly modified in both directions, almost to the ex- 
clusion of one or other of the two types. But such treat- 
ment leaves the essential nature of the intermediate race 
untouched. It neither reverts to the half race when 
subjected to selection, nor is it possible to derive a con- 
stant and pure tricotylous variety from it.^ 

As far as I know, there are hardly any references 
to tricotylous races in botanical literature, and the possi- 
bility of the existence of tricotylous intermediate races 
seems never to liave been discussed. In this part, how- 
ever, I shall descril)e some instances of such races in 
order to demonstrate their existence and to study their 
characters. In the period from 1892 to 1897 I succeeded 
in producing such races from half a dozen very different 
s|)ecies. 

I wanted also to include in this inquiry some pure 
tricotylous and pure dicot 3 'lous races, that is to say, 
races the seedlings of which were in the first case ex- 
clusively tricotylous and in the latter exclusively dicotyl- 

* See my preliminary note Uebtr tricotyle Rassen in Ber. d. d. 
Dot. (»es., 1902, Vol. XX, p. 45, 

*See the scheme on page 24, 
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ous. But hitherto I have not clivScovered a single in- 
stance of the former, and have only obtained one in- 
stance of the latter.^ 

Before I proceed to a detailed description of niy 
races and cultures it seems desirable to give a general 
account of the maniier in which tricotylous seedlings 
are round, and how the desired half and intermediate 
races may be most easily derived from them. 

It is well known that amongst the seedlings of dicot- 
ylous species occasionally individuals are found with 
three seed leaves. It is only 
necessary to look over a 
seed-bed in the garden in 
spring in order to find in- 
stances of these. The more 
extensive the sowing and 
the more careful our search 
the greater will be the num- 
ber of tricotylous seedlings 
found. Some species pro- 
duce them in greater, oth- 
ers in smaller proportions; 
and they can often be found 
even in the smaller pot-cultures of the greenhouse, but 
in many cases I have had to sow 10,000 or 20,000 seeds 
of a species before finding a single individual which 
showed any variation in this direction. But numerous 
si)ecies seem to produce one or several tricotyls in every 
hundred or thousand seedlings. 



Fig. 63. Antirrhinum majus. A, 
C, D, seedlings with 2, 3, and 
4 cotyledons. B, with a deeply 
cleft cotyledon. 


* My Helianthus annuus syncotyleus has not produced a single 
tricotylous plant in the ten years during which I have often counted 
hundreds or even thousands of seedlings every year. On the other 
hand they occasionally occur in Helianthus annuus variegatus and 
some other varieties of the sunflower. 
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If the variants are rare, they are as a rule normal 
tricotyls; but if they are more numerous the type is 
usually seen to be variable both in the minus and in the 
plus direction. For convenience of expression we may 
regard a tricotylous seedling as having arisen by the 
doubling of one of the two cotyledons of a dicotyledon 
by splitting, just as is so frequently observed in foliage 
leaves. Smaller degrees of the splitting would lead to 
variations in the minus direction; but if the splitting 
affects both cotyledons there arise variations in the plus 
direction, which, if the doubling is complete, result in 
the origin of tetracotyls (Fig. 63 D). A seedling with 
one normal and one split seed-leaf is called a hemi- 
tricotyl ;^ one with two split seed-leaves, or with three 
of which one is sjJit, is called a hemi-tetracotyl. In the 
same way hemi-pentacotyls, and so on, may be found; 
but the deviations become rarer as they are more remote 
from the pure tricc^tylous type. 

If we make a collection of all these forms it is easy 
to construct a continuous scries which extends from the 
pure type, on one side, through stages characterized by 
more or less deep fission, to the dicotyls ; and in the other 
direction in a similar manner to the tetracotyls and, if 
the material is extensive, even further, to the pentacotyls, 
and so on. Fig. 64 exhibits such a series derived from 
Oenothera hirtella, the unspHt seed-leaf of each plantlet 
l>eing omitted. But obviously even here the forms fig- 
ured are only a selection from a much more complete 
series. If we imagine those cotyledons which have been 
cut off in these figures to ?je split also, the series would 
repre.sent the transition from the tricotyls to the tetra- 
cotyls. 

’ FtrrHifc d, d. hot, Ges , 1894, Vol. XTT, p. 26. 
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A senes of this kind is, however, a purely morpho- 
logical one and neither pnysiological nor statistical. If 
we wish to obtain this, we must not merely pay attention 
to ilie fonns, but also to the frequency of their occur- 
rence. In doing so the first striking fact is that all the 
aberrant forms taken together, constitute only a vei}'^ 
small percentage of the total number, even smaller some- 
times than the figures already given. Therefore, if we 
construct a frequency curve the dicotyls produce a high 
peak and the curve extends from this only in one direc- 
tion and is therefore a so-called half curve. ^ 

Further, amongst the a])errant forms themselves, the 
various forms occur in widely different proportions. The 
hemi-tricotyls are far rarer than the tricotyls; the num- 
ber of all the hemi-tricotylous types together often does 
not amount to as much as tliat of the pure tricotyls. 
Deep clefts are somewhat less rare than shallow ones; 
and we often see specimens which at first seem to be 
jnirely tricotylous but which, when the peduncles of the 
cotyledons gradually elongate, turn out to be dee])ly cleft. 
This is particularly evident in Amarantiis speciosiis and 
Antirrhinum majus (Fig. 63 B), in which the closer 
juxtaposition of two of the cotyledons betrays the fact 
that they arise from a common stalk. Hemi-tetracotyls 
are always much rarer than tricotyls in sowings from 
commercial .seed as well as in selected races. Neverthe- 
less some species seem to be richer in them than others. 

If we plot such a frequency distribution we obtain 
a two-peaked curve which has a small secondary apex 
over the ordinate for the tricotyls, besides the main one 
for the dicotyls. Thus I found a crop of 800 seedlings 
of Cannabis sativa of 1894 to have the following com- 

* See above, p. 26. 
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Ijosition, the proportion of tricotyls (that is to say all 
liie aberrant forms of the series) being about 10%. 

61COTYLS HEMITRIC. TRICOT. 

726 24 46 

Or in % 90.8 3.0 5.7 


HEMI-TETRACOTYLS 
AND TETRACOTYLS 

4 

0.5 


If we wish to make ordinates for the various degrees 
of cleavage we are met by the difficulty presented by the 
choice of the limits of such arbitrary groups. This diffi- 





S a 

Fig. 64 Oenothera hirtella. Intermediate forms between 
the dicotylous seedling (A) and a tricotylous one (G). 

The nonnal cotyledon has been cut away from each 
plant. Cultivated in 1900. 

culty is partly clue to the fact that the stalks of the 
cotyledons continue to grow for some time after the 
cotyledons themselves have assiuned their definitive form. 
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But as a rule we find the general relations to be such as 
are exhibited in Figure 65. This curve has a form which 
is also commonly seen in other anomalies.^ . 

V/hilst dicotyly is a character without variation tri- 
cotyly is one which exhibits a very high degree of fluc- 
tuation. The limit between dicotyls and the extreme 
minus variants of the tricotyls can" always be easily and 


certainly observed ; because 
the apex of the cotyledon is 
the first part of it to assume 
its definitive form, and a 
cleft in this apex, however 
small, can be clearly seen. 
There is therefore no fear 
that the rarity of such ex- 
tremes might be due to im- 
perfect observation. The 
limits between the remaining 
smaller groups are blurred 
and arbitrary. But this dif- 
ficulty disappears in the eval- 
uation of the degree of in- 
heritance, because all the 
seedlings which exhibit cleav- 
age in one or both cotyledons 
are united into a single 
group and treated as tri- 
cotyls in the larger sense. 

I shall denote the dicotyl- 
ous seedlings of these races 2 



Fig. 65. Schematic representa- 
tion of the fluctuating varia- 
bility of tricotyly. The tri- 
cotyls and the dicotyls con- 
Gtitute the two apexes, the 
hemi-tricotyls and tetracotyls 
(together with the henii- 
tetracotyls) constitute the re- 
maining ordinates. 

atavists.^ In the sowings 


* See Chapter TV of this part, and Sur les courbes galtoniennes 
des monstruo sites, in the Bull. Scientif. de la France et de la Bel- 
gique, published by A. Giard, Vol. XXVII, 1896, p. 397* 

* See above, p. 104. 
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r){ commercial seed the application of this term would 
ii )t, of course, be justified; but in my cultures, which, 
almost without exception, were started by the selection 
of tricotylous individuals, this term is obviously fully 
justified. Moreover, in this way, the word dicotyl is 
left to its pure systematic signification. And, as in some 
other cases, atavism is here seen to be an oscillation be- 
tween two empirically known extremes.^ 

So far as my experience goes, tricotylous seedlings 
are much commoner amongst cultivated species than 
amongst wild ones, and even amongst the latter tliey 
usually occur from seeds saved in botanical gardens and 
very seldom from those collected in the field. Amongst 
cultivated plants, again, they are commoner amongst spe- 
cies which are grown on a large scale than on a small 
one. 

bus T have obtained my intermediate races from 
amongst the former, partly from agricultural and partly 
from horticultural species. As an instance of the former 
I may mention the hemp and of the latter the snap-dragon 
and the wild po])i)y. But besides these I discovered a 
rich tricotylous race in my Oenothera hirtella, an entirely 
new s|>ecies which was found quite by chance in my 
garden. It is not impossible that cultivation on a large 
scale favors the origin of new races. 

A profusion of instances of some anomaly in a species 
either in the field or in cultivation, suggests the presence 
of an intennediate racer a scarcity, however, that of a 
half race, as is especially well known to be true in the 
case of fasciations. 1 ricotyly conforms strictly to this 
rule. From seeds obtained from the trade or by exchange 

’ See page io8. 

• See page 32 
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we rarely gel more than low percentages; but it is obvious 
that we should not expect afi the seed-parents in the field 
to furnish the same numiver of tricotylous seedlings. Com- 
mercial seed is almost certain to be a mixture and to 
yield a mean proportion, which may perhaps be mucli 
low’er than the seed of those specimens would jdeld, 
which were the richest in tricotylous offspring. It fol- 
lows from this that we can only form a proper estimate 
if we select a group of plants among our first sowing 
and harvest their seeds separately, if possible after tak- 
ing the precaution of preventing too much cross- fertili- 
zation by insects. It is obvious that in such a culture a 
choice will have to be made, and as a rule the tricotyls, 
using this term in its widest sense, will be selected. From 
the separate harvest of these selected specimens, individ- 
ual hereditary coefficients may then be obtained. 

In spite of every precaution, the choice of the plants 
will depend mainly on chance, for, as we shall see later, 
tricotyls are by no means more likely to reproduce the 
anomaly than some of the dicotyls. On the contrary, 
])lants much better in this respect sometimes occur among 
these; but we have at present no other means of dis- 
covering them except by growing their seed. Experience 
however has shown that if we allow a fairly large grouj) 
to ri]:)en their seed we may I^ecome independent of chance 
in so far that we can be fairly sure that at least some 
seedparents will give a relatively high proiX)rtion, pro- 
vided of course that the original mixture contains such 
amongst its components. It will soon be seen that in 
spite of all apparent intermediate degrees, two main 
groups can be distinguished. In one of them we find 
only low individual values, from 0 to 3%, or very little 
over; in the second, on the other hand, besides these 
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some higher ones which not rarely attain a value of 10% 
to 20 % and in rare cases even of 30% to 40 %. 

Wli^never the cultivation in the garden gives no 
ground for the assumption of sj^ecial influences the differ- 
ence between the values derived from the original com- 
mercial samples of seed and the self -harvested seed of 
the first year must be attributed almost exclusively to 
the fact that the commercial seed was a mixture whilst 
the self-harvested crops matured in isolation. But since 
mixtures of this kind have l:)een the rule during the gen- 
erations which preceded the purchase of the commercial, 
horticultural or agricultural, seeds, it is evident that 
those species which contain a number of rich seed-parents 
every year, will give a higher percentage of tricotyls in 
the mixture than others. Thus the percentage compo- 
sition of commercial seed gives some idea of what may 
be expected from it by subsequent culture. 

In the following sections (§§2-8) I shall describe 
my experiments on these two groups in detail. Here, 
however, I will give the main result. It is this: 

By far the largest number of species contain only 
a half race in respect to tricotyly, but some few also con- 
tain, besides this, the intermediate race. If the latter is 
present in commercial seed or in seed obtained by ex- 
change, it can be easily and speedily isolated; but if it 
is not present years of selection cannot bring it out. The 
half race and the intermediate race are, here as else- 
where. perfectly distinct things, which do not merge into 
one another, or if they do, they do so only by chance. 

Sometimes, but on the whole very seldom, an indi- 
cation of the likelihood of obtaining tricotylous inter- 
mediate races may be afforded in nurseries and in agri- 
culture. This consists in species with a decussate ar- 
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rangement of the leaves in the exhibition of trimerous 
whorls on the stems in the later life of the plant. I paid 
great attention to this point at the beginning of my ex- 
periments when I visited the great nurseries at Erfurt. 
Here the ternary individuals of Antirrhinum majus in 
the fields impressed m^ greatly. They weie not con- 
sidered by the gardeners as worth any attention, but they 
formed the foundation for my first tricotylous inter- 
mediate race. 

The difference between tricotylous half and inter- 
mediate races lies in their percentage composition and 
not in the visible characters of the individuals. Neither 
the number nor the cleavage of the cotyledons on a single 
individual is decisive. As a rule tricotylous specimens 
of both races tend to produce a richer harvest of the 
tricotyls than the atavists of the same race; but expe- 
rience shows that the difference is only a small one ; and, 
further, that tricotyls, even those of a high productive ca- 
pacity, are often surpassed in this respect by some of their 
atavistic brethren. The chief point is, however, that both 
the half race and the intermediate race are composed of 
both types of individuals ; in the former the tricotyls are 
rare, whereas in the latter, under normal circumstances, 
both forms appear in about equal numbers. Moreover, 
both races contain all the stages of hemi-tricotyls, and, 
although these are rarer, of hemi-tetracotyls also. 

It is not possible, therefore, to tell from a single plant 
to which race it belongs. Only its ancestry can deter- 
mine this ; and if this is unknown, we have to reach the 
decision by means of subsequent breeding. It is an ex- 
treme case of the transgressive variability which was 
discussed in the first volume.^ The forms composing a 

*Vol. I, Part II, §2$, pp. 430 ff. 
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half race occur in the intennecliate race also, and as a 
rule all of them in every sowing, provided it is not too 
small. ^ On the other hand, if the half race is cultivated 
on a sufficiently large scale, it will contain all the forms 
of the intermediate race. There is no morphological 
limit between the two, although the physiological one is 
perfectly definite, and in my experiments has never been 




\ 



Imr. 66 Oenothera rubri- 
iienns. Tricotylous half 
race Curve of the he- 
reditary capacities of 
the plants of 1894. The 
highest of these was 
37%. The upper row 
of figures relates to the 
percentage composition 
in tricotyls, the lower 
to the numbers of 
seed-parents with this 
composition. The ordi- 
nates have the same 
signification as these 
lat»er figures.' 
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Fig. 67. Oenothera hirtella. Tricotylous 
interrnediate race; curve of hereditary 
capacities of plants of 1896, including 
both atavists and tricotyls. The ca- 
pacities oscillate between 15 and 95%. 
The meaning of the figures is the same 
as in Fig. 66. 


(^vcrstepiyed. The tricotyls of the half race do not lead 
on to the intemicdiate race, nor do the atavists of this 
race lead on to the half race. The two races are just 

’ The j^rcentage figures are calculated, in this experiment, from 
counts made on 300 seedlings from each plant; but the number of 
ordinates is reduced to one-third. Therefore o.i means, o — 0.2; 0.4, 
0 3—0.5 and so on. The tricotylous races of Dracocephalum molda- 
' f P(*»stemon genthnoides gave similar curves. (Harvest 



Tricotyls as Half Races and Intermediate Races, 355 

as sharply and unalterably separated as, in the first part 
of this volume, we saw was the case in numerous in- 
stances, and especially in the five-leaved race of the red 
clover. Nothing less than a mutation can effect the 
transition between the two, but I ha^^e not yet had the 
good fortune to observe such an occurrence. 

In these experiments therefore the differences be- 
tween individuals to which attention has to be paid are 
their hereditary values; and whether they themselves 
have two, or three or cleft cotyledons is a matter of sec- 
ondary importance. In my cultures the selection of tri- 
cotyls as seed-parents has been the general rule, since 
this practice on the one hand increases the probability 
of excluding specimens with a low hereditary capacity, 
and on the other, of including those with the high ; but 
llie increase of this chance is only a small one, as the 
frequent cultures I have made from atavists clearly show 
(see below, § 6). 

For a half race the curve describing these values is 
a half curve. The vast majority of individuals have 
either nothing, or little else, but dicotylous offspring; 
and the numbers of individuals with the larger numbers 
of tricotylous offspring decrease rapidly (Fig. 66). These 
curves may be improved in the same way as those of 
other half races, viz., by the selection of individuals witli 
the highest value, as we have seen in Ranunetdus bid- 
bostis semiplenus (see § 23, of the first part of this 
volume, p. 249). 

Curves describing these values in intermediate races 
usually have their maximum ordinates at 50% ; they are, 
however, liable to be much altered by selection and ex- 
ternal conditions. Fig. 67 is a curve of this kind for 
Oenothera hirtella, whose apex is at about 65%. If 
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from a group like this the plants with the smallest values 
are selected for the continuation of the culture, values 
which are equal to or even smaller than the best ones of 
the half race can be obtained. Here also the variability 
is of the transgressive kind ; but it does not result in the 
transition from one race to the other. 

Half races and intermediate races are, therefore, with 
regard both to the forms of their individuals and the 
magnitude of their hereditary capacities highly variable 
races. On the other hand they are perfectly constant 
inasmuch as neither race can be transformed into the 
other artificially. They behave like the majority of ever- 
sporting races of other anomalies.^ 

§ 2 . TRICOTYLS, HEMI-TRICOTYLS, AND TETRACOTYLS. 

The opinion, prevalent amongst gardeners, that hy- 
brids are intermediate in form between their parents, and 
that intemiediate types, therefore, should be regarded 
as hybrids, might easily lead to the assumption that the 
hcmi-tricot\ Is are hybrids between tricotyls and dicotyls. 
Intermediate they are without any doubt, especially when 
the cotyledons are cleft over half their length. But the 
occurrence of a continuous series of intermediate forms 
l)etween di- and tricotylous plants proves the incorrect- 
ness of this view, or at least indicates that it does not 
cover all the facts. The question has to be decided by 
experiment. For this reason I have made a series of 
crosses lietween dicotyls of a half race, and tricotyls of 
the corresponding intemiediate race. Although I always 
paid especial attention to the occurrence of hemi-tricot- 
ylous seedlings amongst their results, they were just as 

' See above, p. 22 , 
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rare amongst the hybrids as in other cultures. The hy- 
brids are almost without exception dicotylous, although 
of course occasional hemi-tricotyls and tricotyls occur 
amongst them, just as they do in the half races. There 
is therefore no ground for the suppc'sition that seedlings 
with cleft leaves should be of a hybrid nature. 

They are simply variants of the tricotylous tyi^e. The 
occurrence of seedlings in vvhicli both the cotyledons are 
cleft or doubled, favors this view. They cannot possibly 
be regarded as hybrids ; they occur so regularly and abitn- 



Fig. 68. Silene odontipetala. A, a henii-tricotylous, B, 
a tricotylous, and C, a tetracotylous seedling, 1900. 


dantly in tricotylous intermediate races that they must 
be simply regarded as plus variants of the same character. 
Moreover the fact that one or the other of the seed leaves 
in a tetracotyl may be cleft also, supports this view. 
Such a cleavage results in the origin of pentacotyls and 
hexacotyls which, however, will be, obviously, very rare. 
True i^entacotyls, arisen by such a cleavage, I have seen, 
for instance, in Scrophularia nodosa, Amarantus sped- 
osus, Oenothera Lamarckiana and Papaver Rhoeas (Fig. 
69 .) 
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Henii-tricotyls and tetracotyls are, as we have al- 
ready stated, as a rule rarer than tricotyls, even when we 
include ^all the minus and plus variants of these groups. 
This can be observed in bought samples of seed; but 
better if we sow the seed of plants grown from such a 
sample separately. Thus, for instance, I found in 1892 
among the seeds of a plant of Aspcrula azurea ^etosa 
3 hemi-tricotyls, 15 tricotyls and 3 tetracotyls among 
1170 seedlings, and in the crop derived from another 
individual of the same culture 2 hemi-tricotyls and 5 



iMg. 69 Piipavcr Rhocas. Semi-double cultivated form. 
Dicolylous, lienii-tncotylous, tncotylous, Ictracotylous, 
and pcntacot\lous seedlings; from the seeds of 1899. 

tricotyls amongst 550 seedlings. Further, I found in 
1892, amongst 13,000 seedlings of Amarantus speciosiis 
202 hemi-tricotyls, 245 tricotyls, and 22 tetracotyls and 
hemi-tetracotyls. In the former group the cleavage was 
shallow in 47 cases, deep in 97 and intennediate in 58. 
The same general result was obtained in other plants. 

To obtain a further knowledge of tricotyls and hemi- 
tricotyls we must cultivate them further, allow them to 
flower separately, and compare the composition of their 
pn^geny with that of the tricotylous individuals from the 
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same culture. In doing so we find that they do not tend 
to reproduce their own type, but behave, as a rule, in the 
same way as tricotyls. Minor quantitative differences 
may occur, but of qualitative there are none. At any 
rate it seems impossible to isolate and fix these two sub- 
sidiary types and obtain pure hemi-tric.otylous o^ iricotyl- 
ous r^^es. 

I propose to deal first With the hemitricotyls. 1 have 
rejieatedly isolated them and tested their hereditary capa- 
city, especially in Amarantns spcciosus and Cannabis 
sattra. In Aniarantus, if we plant out some hemi-tricolyls 
and some tricotyls, the highest values are sometimes ob- 
tained for the former, and sometimes for the latter; but 
only with slight differences. For instance, in the harvest 
of 1892 the value of 20,000 seedlings was a mean of 2% 
for the former, and 3.5% for the latter. Moreover 
there were slightly nlore hemi-tricotyls than tricotyls 
amongst the former, the difference, however, was only 
0.1% in 10,000 seedlings of each group, and in this 
figure the various degrees of cleavage were, moreover, 
lumi>ed together. In 1892 to 1895 I then grew the 
hemi-tricotyls and the tricotyls .separately for tliree fur- 
ther generations, always selecting the individuals witli the 
highest hereditary capacities. In these four years the 
highest values obtained varied for the hemi-tricotyls from 
4.2 to 8.5% with a mean of 5.5%, and for the tricotyls 
from 3.6% to 7.4% with a mean of 5.7%. From these 
figures it seems to make practically no difference whether 
hemi-tricotyls or tricotyls are selected as seed-parents. 
Of Cannabis sativa I had in the summer of 1894 a I)ed 
of each of the two types. The hemi-tricotyls gave values 
varying from 1 to 26%, and the tricotyls from 4 to 149^ : 
with means therefore of 11 and 9%. In Pcnstenion 
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gentianoides the cleft forms gave a mean of 2.8%, but 
the tricotyls a mean of 2.9%. On the whole, therefore, 
there are no essential differences in hereditary capacity 
between the hemi-tricotylous and tricotylous examples 
of the same races. Moreover we shall see later that this 

rule must be true, when we 
shall find that even the 
atavists in the pure races 
do not differ essentially 
in these values from the 
tricotyls (see § 6). 

We now come to the 
tetracotyls. Experiments 
here meet with the diffi- 
culty of distinguishing the 

true types from others. 

For, occasionally, double 
seedlings or twins occur. 
In these the axis is more 
or less deeply cleft; it 
looks as if two seedlings 
had fused together side 

by side. If the cleavage 

Fig. 70 Acer Pseudo-Platanus. extends downwards into 

A tetracot:jrlous seedling, the hvnnrntvlnii^i rpmon 

axis of which splits above the nypocotyious region 

cotyledon. In the cleft two there are two separate 
leaves are seen, the lower part r , , . 

of whose stalks are grown to- groups of seed-leaves and 

these are frequently at 

different heights. There 

is obviously no danger of confusing such cases with 

tetracotyls, although the twin seedling does actually bear 

four seed leaves (Fig. 71). But if the division affects 

only the part of the axis above the seed-leaves, these 
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stand in a whorl and the seeOIing cannot be distinguished 
from those in which the seed-leaves and not the axis have 
divided. Only after further growth its true nature can 
be decided. If, however, the doubling is ccntimied with- 
out splitting of the stem, peculiar fasciated plants may 
:>e the result. In such cases the real state of aftairs often 
remains hidden. 

In Ainarantus speciosus especially, I have often (ob- 
served such twins (Fig. 71), and also in Datura Sira- 
monium, Acer Pscudo-Platanus (Fig. 70) etc.^ b'ig 72 
represents a section of a stem of a tetracotylous plant of 



Fig. 71. Seedlings of Amarantus speciosus. A, tetracotyl- 
ous; B, twin, each of the split halves of the axis hearing 
two seed-leaves; C, twin, one of whose halves is tncolyl- 
ous ; D, hemi-pentacotylous seedling, the sole instance of 
this case in a culture of over 20,000 seedlings; E, Tn- 
syncotylous plant. Harvest of 1^3. 

Amarantus speciosus, which split at a considerable height 
above the insertion of the cotyledons and bore in the 
fork two leaves the midrib of which had grown together 
on the dorsal side up to within a short distance of the 
apex. In the axils of these leaves small branches were 
seen with a little terminal inflorescence and a small leaf 
inserted below this. Above this point the two branches 
of the fork were of normal growth. Fig. 70 represents 

‘ See L. J. Lager's exhaustive work on the anomalies in the seed- 
lings of Acer Pseud o-Platanus. Bull Soc, Linn. Normandie, 1889, p. 
i99» with plate. 
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a seedling of Acer Pseudo-Platanus with four seed-leaves 
which I found in the spring of 1887 in a forest and trans- 
planted to my garden. Here it developed its stem. As 
soon as this had definitely split, and just before the cotyl- 
edons were about to fall away 
I dried this specimen in order 
to keep and photograph it. 

It is obvious that such twins 
do not belong to the tricotyl- 
ous race, that is to say, that 
their anomaly is due to some 
other elementary character, 
llierefore they should not be 
counted when recording the 
seedlings, nor be used as seed- 
parents. But as their nature 
can only be determined for cer- 
tain in some cases, it is not al- 
ways possible to take this pre- 
caution; and the fact that the 
hereditary values obtained from 
tetracotylous individuals are 
sometimes worse than those 
from the corresponding trico- 

Fig. 72. Amarantus specio- tyls may ill part be due to this 

sus. Forking of a stem rirnini<;t;inrp 
of a tetracotylous plant cn^<^i'nistance. 

with two leaves in the For the rest tetracotyls do 
fork which have grown ^ , 

together dorsally. The not in any essential respect be- 

Sr/'{wTgs.*‘'° f’ifferently in inheritance 

from the tricotyls. From their 
seeds are produced, besides the atavists, mainly tricotyls, 
with hemi-tricotyls and- tetracotyls in the usual dimin- 
ishing proportions. My tricotylous half race of Scrophu- 




TricotylSj Hemi-tricotyis, and Tetracotyls. 363 


laria nodosa produced, in the harvest of 1894, a mean 
of 2% and a maximum of 5.5% tricotyls per seed-parent. 
I harvested the seeds from two teiracotyls and obtained 
0.5% and 3% tricotyls. Amongst the 2000 seedlings 
which these cultures contained, there wer^. 30 tricotyls, 
3 hemi-tricotyls and only 2 tetracotyls. 

On the other hand a tetracotylou's plant ot Asperula 
azurca gave 7% and the ujrresponding tricotylous seed- 
parents only 2%, in 1892. Of this 7%, there were 
tricotylous, 1% tetracotylous, and 1% hemi-tricotylous. 
T bred the tetracotyls of Amarantus speciosus for two 
generations, in 1893 and 1894. In the summer of 1893, 
9 tetracotylous plants were left to flower; 3 proved to be 
fasciated, but the rest gave values varying from 1 lo 
7.5% with a mean of 5%. I counted for each seed- 
parent 500-1000 seedlings. The corresponding tricotyl- 
ous culture gave values from 2.5% to 7.5%, that is, a 
mean of 4.5%; from each of the 15 seed-paients from 
700 to 1000 seedlings being examined. We see there is 
practically no diflference between the two cases. Together 
the tetracotylous parents produced only 6 tetracotylous 
offspring among 4000 seedlings, and the tricotyls 13 
among 10,000; that is to say, they behaved in regard 
to this character as variants of the same race. I then 
selected the tetracotylous offspring of the tetracotylous 
seed-parents for a continuation of the race in 1894, but 
observed no further progress, the percentage in tetra- 
cotyls being only 0.2%. 

The question suggests itself whether the proportion 
of tetracotylous seedlings, perhaps, simply obeys the laws 
of probability. The splitting of a cotyledon may be im- 
agined to be distributed at random over a group of say 
100 individuals, and we may ask, how many times a 
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seedling wili liave two such divisions and so become a 
tetracotyl or henii-tetracotyl. If, for instance, 50 divi- 
sions are distributed over 100 seedlings, with 200 cotyl- 
ecloiiSf bow often may we expect a single plant to present 
two such divisions? 

In the same way the expectation of pentacotyls may 
l)e calculated. Without going closely into this calcula- 
tion, it is obvious that the proportion of tetracotyls will, 
on the whole, increase with that of the tricotyls indepen- 
dently of course of the nature of the species in question. 
As a matter of fact we do not observe such an independ- 
ence. Some species are relatively rare in tetracotyls 
whilst others produce them more abundantly. Thus 
tirrhinum majtis never gave more than 1% to 2% of 
tetracotyls (Fig. 63 D, p. 345), although the proportion 
of tricotyls was as much as 79%. Oenothera hirtella, 
Scrophularia nodosa, and Cannabis sativa are also poor 
in tetracotyls. The latter produced only 1 to 3.5% of 
them, even when the whole value amounted to 63% (in 
20 individual records). On the other hand, other species, 
or at any rate the races of them which I observed, pro- 
duced tetracotyls abundantly, 

I have grou])cd together well over 100 separate rec- 
ords from my cultures of 1894-1896, in which the hemi- 
tricotyls, tricotyls and tetracotyls w^ere recorded sep- 
arately for each sowing, which almost always consisted 
of about 300 seeds. I'rom these I have especially cal- 
culated, l)esides the percentage conqx^sition in split-leaved 
seedlings, the pro]>ortion of these to the tetracotyls: and 
T give below the nnml')er of tetracotyls per 100 tricotyls 
in the wider sense of that term. This proportion varied 
in Amarantus speciosus, for 2-10% tricotyls, and in Can- 
nabis satira for 6-52%, l^etween 1 and 7%. In Mcr- 
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curialis annua for 8-86 fo tr^-otyls between 1 and 16%; 
in Silene infiata for 27*73% in Clarkia pulchella for 
6-16% and in Helichrysum bracteatum for 3-417© tn- 
cotyls, from 2 to 28%. In the individual records this 
ratio is obviously subject to considerable fluctuation on 
account of the small number of letiacotyls in the indi- 
vidual crops, and for a proper estimation of this ratio 
cultures on a much larger scale and especially designed 
for this end would be necessary. Here I shall content 
myself with giving an experimental series obtained with 
Clarkia pulchella, which shows roughly how the ratio 
of tetracotyls to tricotyls increases with the number of 
the latter. 

Percentage ratio of tricotyls 6 7 14 16 27 SS 62 63 

Number of tetracotyls per 

every 100 tricotyls ... 15 5 26 5 10 18 22 20 

Similar figures were obtained with Phacelia lanaccti- 
folia, Papaver Rhocas, Helichrysum bracteatum and 
Mcrcurialis annua. 


g 3. THE INFLUENCE OF TRICOTYLY ON THE ARRANGE- 
MENT OF LEAVES, 

Elementary characters are not as a rule betrayed by 
a single external characteristic, but by several. In most 
cases one of these can easily be recognized as the primary 
one, and the rest are then termed secondary. In other 
cases a doubt may arise as to which should be regarded 
as primary and which as secondar>\ White-flowered 
varieties of red or blue species often exhibit *the absence 
of color in the fruits as well as in the leaves or the stem. 
Moreover they can frequently lie recognized as early as 
in the seedling wStage by their pure green color. My new 
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Oenotheras differ from the parent species in several char- 
acters, nevertheless each arises suddenly with its char- 
acters complete. From this fact we conclude that all of 
tliem must be regarded as the expression of a single in- 
ternal change. A single new elementary character can 
thus affect more or less profoundly a whole group of 
older internal characters. 

We will regard tricotyly, for the present at any rate, 
as the primary expression of a definite internal factor 
which occurs in the latent state in large numl3ers of di 
cotyledons, though not necessarily in all. It also occurs, 
although as yet in a small group of cases, in the active 



Fij;?. 73 Scrol>huhiria nodosa A tricotylous seedling with the 
first whorl of which is ternarv also; C, the cotyl- 

edons h'roni the harvest of 1899. 

Stale alongside dicotyly. On this point of view the ques- 
tion suggests itself whether this internal factor will i)er- 
haps also betray itself during the later life of the plant. 
'I'ncotyly results in an abnormal arrangement of the 
seed-leaves, and tints it is only natural to expect that its 
internal cause may lead to anomalies in the disposition 
of the foliage leaves as well 

As a matter of fact, this is the case. In the first 
j)Iace, in species with decussate leaves, the arrangement 
of the leaves in whorls of three may continue upwards 
from the cotyledons (Fig. 73). This may l^e limited to 
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the lower whorls, or continue in all of them. In the first 
case the transition between the two arrangements is often 
effected by intermediate stages, such as cleft leaves.^ 
Other disturbances of the disposition of the leaves also 
can follow on tricotyly, amongst the most important of 
which are twisted and fasciated sienu as well as the pro- 
duction of so-called terminal leaves. In the following 
j)aragraphs I shall descrll^e some of the most important 
of these various phenomena which lia\'e occurred fre- 
qtiently, and in many cases almost regularl}', in my ex- 
]>eriments.^ 

It seems desirable to state beforehand that the anom- 
alies in question exhibit an olnious genetic C(mnection 
with the splitting or duplication of the cotyledons, al- 
though this relation needs closer investigation. Other 
malformations of structure no doubt are also met with 
amongst tricotylous individuals ( for instance, variegated 
leaves, prolification of flowers and flowerhea<.is), but not 
more abundantly than elsewhere. Moreover it is by no 
means a rule that in all species the same anomalies should 
occur amongst tricotyls. It appears, on the contrary, 
that certain species, (or at any rate, certain commercial 
races of them), have a marked preference for definite ab- 
n(')rmalities, since both torsions and fasciations appear 
relatively abundantly amongst certain sj^cies, but rarely 
amongst others. In the same way subterminal lea\’es 
have hitherto been observed in quite a limited tmmlKM* of 
instances only. 

On this relation between tricotyly and abnormalities 
in the disposition of the subsequent leaves I ha\ e based 

* Delpino, Tcoria della Fillotassi 

* Further facts will be found in Einc Methode, ZiKUWgsdrehufif^ett 
aufsusuchcn, Ber. d. d. Imt. Ges., 1894, Vol. XTT, p. 25. 
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a simple method of searching for such anomalies. Fas- 
ciations are so common in nature and in the garden that 
special means for obtaining them are not required; but 
twisting^ is much rarer and ordinarily it is only by a lucky 
chance that we meet with an instance of it.^ If we wish 
to Ixicome independent of this chance we must have re- 
course to the culture of variations of cotyledons, because 
such will offer a greater likelihood of furnishing the de- 
vsired anomaly than other examples of the same species. 
In the first, or at least in the second, generation we may 
count on finding them, if the extent of the experiment 
is sufficiently great, and once obtained, they can easily 
be further improved by ordinary selection. A single in- 
stance will suffice. Morren found a very fine specimen 
of twisting in Dracocephalum spcciosum in a meadow not 
far from Liege, ^ and when I read his description I be- 
came extremely anxious to investigate such a case of 
torsit>n in this species, or at any rate in this genus. For 
this purpose I selected Dracocephalum moldavicum, 
which, being an annual, seemed more suitable. In the 
s])ring of 1892 I selected a single hemi-tricotylous seed- 
ling found in a sowing of commercial seed (a little less 
than 20,000 seedlings), and from this bred a race which 
in the first year exhibited nothing remarkable but pro- 
duced fasciations in the second year and traces of twist- 
ing in the third, and finally, in the fourth, some very 
fine instances of spiral torsion. One of these had the 
whole main stem transformed into a screw (Fig. 74). 
Fortunately in such exi>criments, the aim can be attained, 
as a rule, in a much smaller number cd years. 

^ }ronograf*hie dcr P:zK'ans:sdrehun^cti PinNc.miFiM's Tahrb f 
wiss Rot., Vol. XXIII, p. ij6. 

*Bun, Acad. Roy. Bcirr., Vol XVITT. p. 37. 
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Tricotylous specimens of sijecies willi a (lecnssatc 
arrangement of their leaves veiy often produce tlie lower 
leaves of the stem in whorls of three. Sometimes this 
extends all the way up, or at least to the inflorescence, 



Fig. 74. Dracocephalum moldavicum. Twisting of the 
main stem as the result of a breeding experiment ex- 
tending over four years. (Compare beJ "w Fig. 82.) 


sometimes, however, it reverts to the decussate arrange- 
ment sooner or later as we proceed upwards. Very often 
also the latter follows immediately on the seed-leaves 
(Fig. 76 B). All such cases can often be observed in 
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the same culture from the seeds of a single seed-parent. 
This is especially the case in Antirrhinum majus and 
Scrophularia nodosa, in which species I have often pre- 
ferred as seed-parents, the tricotyls, whose first whorls 
were trimerous. Nevertheless they have not, as a rule, 
proved the better qualified to continue the character of 
the race. Further instances are afforded by Dipsacus 
sylvestris, Lychnis fulgens, Dracoccphalum moldavicmn , 

Dianthus barbafus and so 
on. In the spring of 1887 I 
had some tricotylous seed- 
lings of Acer Pseudo-Plata- 
nus\ two of them are now 
high trees, whose trunks bear 
their branches in trimerous 
whorls. 

The lateral branches of 
ternary main stems tend, as 
a rule, to revert to the de- 
cussate arrangement. Sub- 
terranean runners, (for in- 
stance in Valeriana officina- 
lis) and the secondary stems 
which are produced at the 
level of the ground (e. g., Dianthus barbatus). afford, 
however, numerous exceptions. 

In tricotylous cultures, dicotylous individuals some- 
times l)ecorne ternar}' later. Thus I possess a plant with 
ternary whorls of Aescu/us Hippocastanum (now 13 
years old), which only had two cotyledons, and from 
the same crop a plant which was tricotylous but has since 
produced leaves on the decussate plan only. In both 
specimens the change in the disposition of the leaves 



75’ Fogus syhattca. Tri- 
cotyToiii, seedlings A, with a 
ternary whorl of the fust 
leaves; R, with a leaf with 
two apices and a divided vein. 
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took place before the cotyledons were dead. In Dipsacus 
sylvestris torsus^ a race which is usually rich in ternary 
individuals, these are almost without exception decussate 
in early youth. 

On the boundary between the 2- and 3-merous whorls 
2 ^^ 2 -merous ones not infrequently occur. I mean whorls 
with one normal and one more or less deeply cleft leaf. 
All degrees of cleavage (or symphysis) may occur. In* 
the tricotylous races of Anfirrhiiinin Jiuijns and Scroplut- 
laria nodosa they are particularly abundant, and nier^e 



Fig. 76. Mercurialis annua. A, normal seedling ; C, cotyl- 
edons, (i) the first, and (2) the second pair of leaves; 

B, a tricotylous seedling the first two leaves of which 
stand opposite one another (1900). 

into the decussate arrangement in the first or second or 
in some later whorl. In the choice of seed-parents I have 
always paid attention to this point, although it has only a 
secondary effect upon the result. Further instances of cleft 
leaves in the transition from tricotyly to the later normal 
arrangement were afforded me by Dianthus barbatus, 
Lyehnis vespertina, Polygonum Fagopyrum, Collinsia he- 
terophylla, Anagallis grandi flora and in large quantities 
by Fagus sylvatica (Fig. 75) as well as by many other 
si^ecies. As the phenomenon is quite common when 
more extensive sowings are made and as, especially in 
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perennial plants, the transition from one mode of ar- 
rangement to the other has been frequently observed 
on the s^ame axis, as Delfino has shown, I need not 
enter further into it now. Sometimes it happens also 
that the main stem of a tricotylous plant bears its leaves 
in quaternary whorls (Scabiosa atro purpurea), 

Fasciations are a frequent consequence of tricotyly, 



Fig. 77. Mrrcurialis annua. 
A, tricotylous seedling with 
split stem , B, a seedling the 
first whorl of lea\cs of 
which was ternary ; C, henii- 
tncolylous plant (1900). 

ous internodc. Between 


though they sometimes do not 
appear until late in the life 
of the plant. Mcrcurialis an- 
ntia and Amarantus spcciosus 
furnished a series of instances 
nearly every year during sev- 
eral years of culture. In the 
former species they usually 
appear low on the stem; in 
the latter not below the in- 
florescence (See Fig. 83, p. 
399). My tricotylous race of 
Mcrcurialis annua furnished 
almost all forms of fasciation. 
Fig. 77 repre.sents a tricotylous 
})lant whose stem was split 
from the first node after the 
cotyledons, and was therefore 
only fasciated in the epicotyl- 
this condition and a flat stem 


one centimeter broad, and much contorted, all inter- 
mediate stages are presented by this species. In the 
spring of 1887 I collected a large group of hemi-tricotyl- 
ous, tricotylous and tetracotylous seedlings (See Fig. 
70) of Acer Pscudo-PhUanus not far from Hilversum 


and grew them for several years. Most of them I threw 
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away as soon as they reverted to the decussate arrange- 
ment of their leaves, but seven of these trees are still 
alive, two with ternary stems (p. 370), two with a de- 
cussate arrangement of the leaves, and one with a much 
flattened main stem. This last one began with three 
cotyledons; it then became decussate, and in its second 
year (1889) became ternary again. In the autumn of 
the following year it began to flatten out, formed three 
flve-leaved whorls and began to split when laying down 
tlie winter bud. I then broke off all the terminal buds 
except one, which in tlie spring of 1891, during .sub- 
sequent growth, split into three flat twigs of whicli 
again two were removed. In the follown*ng .summer the 
fasciation recurred, and also, after splitting in the win- 
ter, in the next year (1892), and again in 1893. Every 
time the forked branches were reduced to one. The 
divisions became much rarer, later on, and the older sec- 
tions of the stem which were at first flat gradually l>e- 
came cylindrical, as usually happens in fasciation when 
it affects trees. ^ 

On tricotylous specimens I also ob.scrvcd flattened 
stems in Antirrhinum majus, Artemisia Absynthium, Sea- 
biosa atropurpurea, Dianthus plumarius, CoUinsia hetcro- 
phylla, C. grandiflora, C. violacea and Tefragonia ex- 
pansa (Fig. 78) ; and amongst tetracotyls in Scrophu- 
laria nodosa and Collinisia violacea and other species.^ 

In many cultures I have observed that fasciations are 
more common amongst tricotylous plants than amongst 
dicotylous ones, but I shall only deal in detail with an 
experiment on Asperula asurea. In the spring of 1892 
I selected the hemi-tricotylous, tricotylous and tetra- 

^ Kruidk. Jaarh. Gent, 1894, Plate XI, {Abies excelsa). 

*Bcr. d. d. hot. Ges., Vol. XII, p. 38- 
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cotyloiis seedlings from commercial seed of this pretty 
little annual (Fig. 79). I cultivated them and saved 
their seeds and in the following year planted out the 
variants and the atavists separately. There were 37 of 
the former group and 15 atavists. From the former 
there arose 28 flattened stems and branches; from the 



78. Tetragonia expansa. A, branch split by forking: 
H, coinb-like expanded terminal flower of a flattened 
jiiain stem. 


latter only four, that is to say, a proportion of 75% and 
27% resi)ectively. It should be mentioned that all the 
variants among the seedlings were planted out and that 
some of these gave rise to rather weak plants, whilst of 
the atavists I selected the strongest seedlings only. These, 
however, in spite of their greater individual strength and 
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in spite of their origin from tricotylous ])arcnts, produced 
considerably fewer fasciations than the tricotyls. 

We come now to the spiral torsions. These occurred 
in several of my tricotylous races nearly every year since 
1893, and often in considerable nuii:bers. As a rule they 



Fig. 79. Aspcrula asurea. 



Fig. 80 Mclampyrum pratensr 
"I'etracotylous plant with hf)iral 
arrangement of leaves (1887). 


consisted of fairly long, much twisted sections of the 
main stem, or of the stronger lateral branches which 
abutted above and below on the normal or decussate 
sections. They bore their leaves sometimes in a very 
steep spiral and sometimes in an unbroken line on one 
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side of the stem.^ I found these torsions not only in 
iny own races but also on tricotylous individuals raised 
from commercial seed of Anagallis grandiflora, Collinsia 
bicolor, C.heterophylla, C.violacea, Dianthus plumarius, 
Fedia scorpioides, Scabiosa atropurpurea nana, Silene 
nocti flora and Zinnia elcgans. Also in the second gen- 
eration of Asperula aaurea setosa and Viscaria ocidata.^ 




Fig. 8i. Antirrhinum maius Seedlings with terminal leaves 
A. tricotylous ; the otherh are atavists from the same 
race. A, B, with a single terminal leaf; C, the two 
leaves of the first whorl fused laterally and placed termi- 
nally; D, a terminal pitcher formed of two leaves. 

Lastly I wish to refer to a tetracotylous plant of 
Mclampyrnm pratcnse (Fig. 80), whose first leaves above 
the cotyledons, instead of being decussate, were arranged 
in a very irregular spiral. I found it in the summer of 
1887 growing wild not far from ’S Graveland. It is 
important, because it shows that even a splitting of both 

‘ Figured in Ber, d. d. hot. Gos., Vol. XII, PI. II, Figs, g and lo. 

* Ber. rf. d. hot. Ces., he, cit., pp. 32-35 ; sec the figures on Plate IT 
of this article. 



Tricoiyly and the Arrangement of Leaves. 377 


the cotyledons and especially a splitting equally deep on 
the two sides may involve an aheration in the disposition 
of the leaves. This, of course, is by no means a neces- 
sary consequence, but the present case indicates that the 
internal cause is not necessarily Hnvted in its operation 
to the cotyledons. 

Terminal leaves have hitherto been regarded by tera- 
tologists as very rare occurrences, but my tricotylous 
races of Antirrhinum majns have afforded me the oppor- 
tunity of observing them repeatedly and in hundreds of 
specimens (Fig. 81). 

A well-known instance is the great terminal leaf of 
Gesnera Geroltiana described by Morren and reproduced 
l)y Masters/ This s})ecimen bears only one normal 
pair of leaves, and above these an erect leaf of double 
the normal size. In the figure we can see the node at which 
this is inserted; and the simplest explanation of tins 
remarkable phenomenon is that, for some reason or other, 
the growth of the second leaf of the pair, as well as that 
of the terminal bud was impeded in early youth. Ber- 
noulli mentions a similar apparently terminal leaf of 
Coffca arabica^ and was able in this case to confirm the 
correctness of this supposition by microscopical obser- 
vation.^ He also describes a shoot of Fuchsia in aero- 
stemma which bore a funnel-shaped leaf at the top. 

The races of the Snap-dragon, which we have already 
mentioned bear every variety of these structures. These 
may consist of single or of double leaves, or of leaves 
grown together in the shape of a funnel. All inter- 
mediate stages between these and the normal plants oc- 

'Ch Mohren, Bull Acad. Bclfr., Vol. XVTT, Part IT, p. 387; 
M. T. Masters, Vegetable Teratology, p. 88, Fig. 40. 

*G Bernoulli, Ueber scheinbar terminate Blatter, Botan. Zei- 
tung, 1869, p. 19. 
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cur. These anomalies are found especially on the seed- 
lings and usually replace the first or second whorl of 
leaves and rarely the third or a higher one. In the 
spring of 1894 I had a large crop of the red flowered 
variety which produced about 1% of these abnormali- 
ties amongst many hundred seedlings. In subsequent 
years I had even larger numbers. In the spring of 1897, 
for instance, I had about W/o in very extensive sowings 
of a tricotylous race with striped flowers. The most 
imjx)rtant cases are, of course, those in which the rudi- 
ments of the op]X)site leaf and of the terminal bud can 
be clearly seen with the naked eye alongside the terminal 
leaf. I have frequently planted out such plantlets in the 
hope of growing them for my ex|)eriments, but usually 
without success. Either they did not develop a main 
stem at all, or only a delicate one; often there arose from 
the axil of one of the lower leaves or of one of the 
cotyledons a lateral branch which, however, remained 
weakly. 

Sometimes the organ situated o])posite the terminal 
leaf is somewhat letter develojxid, but usually it cannot 
be seen without the help of a microscoiie. If the terminal 
structure has only one vein I regard it as a single leaf 
(Fig. 81 B). But if it has two points with a double or 
divided midrib (Fig. 81 C) it obviously represents the 
two leaves of a pair. Sometimes these are fused together 
laterally: the peduncle is. however, considerably broad- 
ened and its point of insertion clearly recognizable. Fre- 
quently. however, the iieduncles are fused at their base, 
at both sides, and form a little tube which embraces the 
terminal bud. If the concrescence is of considerable 
extent terminal ascidiae are the result, which, in most 
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cases, can be clearly recognized as consisting of two 
leaves (Fig. 81 D). 

The fact that so rare a teratological phenomenon 
should occur so regularly in two well-known varieties of 
the same species, — the one unifonn red, and the other 
striped yellow and red — ^means perhaps that the char- 
acter in question has existed for a long time in the Snap- 
dragon and will be found, after a close investigation, 
to exist in other cultivated varieties also and possibly 
even in the wild ancestral form. Of course the fact that 
I found them in a tricotylous race need not necessarily 
indicate a causal relation between this character and 
tricotyly, because, at the beginning of my cultures, I 
started by selecting the tricotyls and continued the race 
from their seeds alone. If such a relation did exist the 
fact that the anomaly occurs both on dicotylous and on 
tricotylous individuals would be very important, for it 
would show that it is not the visible tricotyly itself, but 
some corresponding internal character, which must be 
regarded as the cause. It is to be hoped that the abund- 
ance in whicli the anomaly can now be obtained will 
render possible a closer examination of this problem. 

§ 4 TRICOTYLOUS HALF RACES. 

Occasional tricotylous seedlings will be found among 
samples of seed in very many species. All that is neces- 
sary, therefore, to start a culture is to buy a sufficient 
quantity of seed and to sow it. The seed will either 
give no aberrant forms, or very few, or a considerable 
number. In the first case the possibility of obtaining 
tricotyls still remains open if a larger quantity of seed 
is sown. In the second case the variants can be used as 
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the point of departure for the race ; they offer the prospect 
of providing a half race. In the third case we may ex- 
l>ect to obtain an intermediate race rich in tricotyls. 

Aliffost every year I have made experiments of this 
kind, but I was especially engaged with them in the 
spring of 1895. At that time I sowed about 20 grams of 
each of 40 species of annual plants, or in the case of 
veiy small seeds a somewhat smaller quantity, so as to 
investigate several thousand seedlings of each kind. I 
shall now give a list of the species falling into the third 
category, species, that is» which gave so large a number 
of aberrant forms as to justify the expectation of an 
intermediate race — an expectation which has, as a rule, 
been fulfilled, as we shall see in the following section 
(8 5). 


TRICOTYLS FROM BOUGHT SEED. 
( Spring, 1895 ) 


SPECIlfiS 

nicoT- 

HEMl- 

TRICOT- 

TETRA- 

YLS 

TRICOTYLS 

YLS 

COTYLS 

Chrysantheviii . k i nodorum 
plenissimum .... 

1000 

3 

32 

0 

Silene onentah's alha . . 

3(MX) 

3 

7 

0 

Pa paver Rhoeas fi. plena 

3000 

1 

15 

1 

Clarkia pulchella alba 

4000 

5 

5 

0 

(llaucium Inteum . . . 

IGOOO 

0 

15 

0 

Ni^ella hispanica alba 

10000 

0 

15 

0 

Phaceha lanaceiifolia , . 

10000 

8 

18 

0 

HelUhrysum braiteaturn . 

35000 

9 

16 

3 


With the exception of Silenc, Glaticitm and NigcUa, 
I have raised intermediate races from all these sowings. 
As I have already mentioned, hemi-tricotyls and tetra- 
cotyls are seen to lx? rarer than the typical tricotyls. A 
sample of seed of Lobelia Erinus. grown in the spring 
of F>02, had a very high proportion of tricotyls, viz., 
31 in 100 seedlings. 
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Very small proportions of tncotyls were yielded by 
Silene hirsuta, which only produced 3 in 80,000 seed- 
lings. The following species produced from 1-2 speci- 
mens in every 10,000 seedlings: Argemone grandifloraj 
Aster tenellus, Clarkia elcgans, Godetia amoena, Hyos- 
cyamus pictus, Silene Armeria, a^i others. I observed 
no tricotyls at all in sowings of the same extent of 
Argemone mexicana, Datura laevis, Hyoscyamus albus, 
Nigella damascena, Phacelia texana etc. I tested 800 
seeds of each of 8 species of Cerinthe, and only obtained 
a single tricotylous plant in C bicolor, C. gymnandra 
and C. major. 

The seeds mentioned were all obtained from the 
nursery of Messrs. Haage & Schmidt in Erfurt. It is 
not unlikely that if the seeds were bought from other 
nurseries, different results could be obtained, especially 
from firms who do not exchange seed with the nurseries 
at Erfurt. 

Similarly the seeds of wild species occasionally pro- 
duce tricotyls, but, as it seems, only in very small quan- 
tities, and they have hitherto given no promise of yield- 
ing an intermediate race. As instances I mention Ra- 
phanus Raphanistrum and Epilobium hirsutwn, of which 
species I found 1-2 tricotyls in large crops. If the seeds 
of wild species come from botanical gardens the pro- 
portion of tricotyls is sometimes greater; for instance 
in Silene noctiflora (1892) it was about 20 in 10,000 
seedlings. Amongst trees I have hitherto found tri- 
cotylous seedlings abundantly in Ai,er Pseudo-Platanus 
and Fagus sylvatica and also in Robinia Pseud- Acacia 
and Ulmus campestris. 

In order to test the hereditary capacity of the cotyle- 
don variants in such crops, I have frequently planted 
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them out and allowed theili to flower in isolation. 
Higher pro]X)rtions are thus obtained: for instance in 
cultivated species in Celosia cristata 2%, in Chrysan- 
themum Myconis 1-2%, in Oenothera longifolia 1%, 0, 
mollissima 1%, 0. undulata, 1%, Xylopleurum tetra- 
pterum 2%, Podolcpis gracilis 2%, Tetragonia expansa 
2%, Veronica longifolia 4%; and amongst wild species 
in Chenopodium album 1%, Thrincia hirta 1%, and so 
forth, the two latter having been grow for three genera- 
tions. Further instances will be afforded by the l)e- 
ginnings of my cultures to be mentioned below. 

If we com])are tlie proportions just given, excluding 
those species which are so rich in tricotyls that they 
])r()bably contain an intermediate race, we find from 
0-2 tricot}'ls in about every 10,000 seeds, from mate- 
rial wliich lias been bought or obtained by exchange or 
collected in the field, whilst the harvest obtained after 
the isolation f)f the tricotyls, contains from 1-2%. The 
original mixtures, therefore, must have contained the 
seed of many individuals without tricotylous offspring 

Resides tlie hereditary cajiacity of bought seed and 
of the trict)tyls raised from it after artificial fertilization, 
we have to consider the question whether this capacity 
can be increased liy a selection extending over several 
generations, or whether it maintains itself without chang- 
ing. As I have already stated, the conclusion derived 
from my experiments is that the answer may fall into 
one of two categories. In some species selection may 
s(KMi lead to a proportion of 50% tricotyls and more; 
in others, this does not take place even if the selection 
is continued for many years. Obviously this depends 
on the (jue^tion whether an intermediate race is present 
in the given sample of seed, or not. If it is there, it 
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can be isolated immediately; if it is not, no amount of 
selection will bring it about. The exi.>eriments in which 
isolation succeeded will be described in § 6; but the ex- 
periments which failed fall into two groups, according 
to whether it could be decided immediately, or not until 
much later, that an intermediate race could not be raised. 
In the former group fall those cultures in which there 
was no progress at all, or so small a one that I had to 
give them up after three or four generations. For if, 
after this time, a proportion of no more than from 1 to 
2 or at most 4% is reached, or if in the case of higher 
proportions the ratio fluctuates greatly but does not ex- 
hibit a regular increase, how many years of work would 
it take before we can be certain that nothing can be at - 
tained? These briefer experiments will form the sub- 
ject of this section. 

In the second grou]) fall two cultures which I have 
continued for a considerable time, namely Amarantus 
speciosus through nine general ions and Scrophtilaria no- 
dosa through ten. Neither now leaves any hope of ever 
l)ecoming successful (see 5) ; but, as I have already 
said in the first part of this volume (]>. 227), it is just 
the experiments in selection that fail, which give us the 
deepest insight into the nature of elementary characters. 

I shall now proceed to the description of my ex- 
periments; and I shall confine myself to those which 
were instituted with the express hope of breeding a 
tricotylous intermediate race, and were continued for 3 
or 4 generations with this sole object in view, until it 
l)ecame evident that only a half race was present. The 
extent of the cultures varied greatly, according to the 
importance which I attached to them at the beginning. 
In the first place I shall deal with Oenothera ruhrinerins. 
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Oenothera rubrinervis. In the pedigree of the Laevi- 
folia family on p. 273 of the first volume, the origin of 
two specimens of O. rubrinervis is recorded for the year 
1889. •'In the generations which were raised from these 
two mutants, no tricotyls were at first observed (1890- 
1891). They first appeared in the spring of 1892, and 
with them the culture of the tricotylous half race began. 
I selected the tricotyls from amongst thousands of seed- 
lings and planted them out singly in pots with well 
manured soil. I obtained 22 strong plants which flowered 
freely in an isolated spot. The seeds were saved sep- 
arately from each parent, each of which was labelled 
according to its individual vigor. The five strongest 
plants gave respectively 1.5, 1.9, 2.3, 2.6, and 2.S% trico- 
tyls amongst from 700 to 900 seedlings. The remainder, 
tlie weaker plants, only 0-1% with an average of 0.7% 
amongst 8000 seedlings. The value 2.8% was obtained 
from a very vigorous plant; in the three following gen- 
erations it has hardly been reached again, in spite of 
selection, and never was really exceeded. 

The offspring of only the five best plants were 
planted out and in all cases only tricotylous individuals. 
There were about 70 of them and they were potted singly 
and well manured (1893). In the middle of May they 
were jdanted out into the bed at distances of about 30 
centimeters apart, where they flowered in isolation in 
August, and could be mutually fertilized by insects. In 
the spring of 1804 the seed of each plant was sown sep- 
arately, and when the cotyledons had completely unfolded 
the seedlings were recorded, 300 for each parent but 
1000 or more in the 20 which apf)eared to be tlie best. 
Altogether 45,000 seedlings were recorded, and amongst 
these were 170 tricotyls, i. e., about 0.4%. Of these 
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12 were hemi-tricotyls and one was a tetracotylous speci- 
men. There were also some few syncotylous ones. The 
ratio from the best seed-parents was no more than from 
0.8% to 1.1%. The tiicotylous offspring of these and 
of some with from 0.5 to 0.6% v/ere planted out in the 
same way as in the previous year^ provided they were 
strong little plants. This time the inflorescence of each 
plant was guarded against the visits of insects by means 
of a parchment bag and artificially fertilized in the hope 
of thus isolating individuals producing higher propor- 
tions. 

On page 354 I have plotted, in Fig. 66, a curve of the 
harvest of 1894, based on the records made in the spring 
of 1895. There were two seed-parents which manifested 
an advance on the previous year, inasmuch as their ratio 
was 3.5% and 3.7%, but the difference was only a 
very inconsiderable one. In all, there were 87 seed- 
parents. As I had planted the offspring of the individual 
grandparents of 1893 together in groups in 1894, I 
could now make a selection not only between the parents 
but also between the grandparents. The grandchildren 
of tliose grandparents only, whose offspring had pro- 
duced the highest mean proportion, were ] planted out. 
By means of such a selection of grandparents the pedi- 
gree becomes an individual one in spite of the size of the 
'ultures, embracing, in each generation the offspring of 
one selected individual only. The method, therefore, 
unites this principle with the greater certainty that can 
be obtained by extensive cultures anU a double selection. 
I have also applied it to a number of other cases. 

From one grandparent with 1 %, therefore, and from 
SIX of its offspring with from 0.9% to 2.1% 54 tricotyl- 
ous specimens in all were planted out (1895). From the 
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beginning of the flowering period all these were covered 
with fine gauze, guarded from the visits of insects and 
artificially fertilized every day or every other day. About 
300 seedlings of each plant were recorded. The ratios 
were from 0 to 1.2% with an average of 0.8%. Two 
parents had 1.4% and one 2%, that is to say, that here 
again there was no progress. The offspring of the six 
parents fell into groups between which the differences 
were but slight (3 with 0.7%, and 3 with 0.8% on the 
average). 

In the list which follows I have collected the highest 
values that were obtained in the course of these genera- 
tions. 

/ SPRING OF i 

1893 1894 1895 1896 

Highest values 2.8 % 1.1 % 3.7 % 2.0 % 

Selected seed-parents 2,8% 1.0% 2.1% — 

These figures show a fluctuation within fairly nar- 
row limits, but no essential advance in the course of four 
generations. It seemed therefore to be useless to carry 
the exiierimcnt further. It is certainly probable that, 
in the course of time, further selection might have 
brought about some slight improvement; but obviously 
this would have been of little significance, and at any 
rate there was no prospect of ever obtaining a race with 
tricotyls. 

Chcnopodmm alburn. A tricotylous plant flowered in 
1889, in isolation in my garden, and produced 1% tri- 
cotyls in the spring of 1890 amongst about 1000 seed- 
lings. Four of these were cultivated further, but their 
seeds gave rise again to no more than 1%. The third 
generation was therefore not better than the second. 

Dracoccphalum moldaticum (Fig. 82). In the spring 
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of 1892 I obtained only a single hemi-tricolyl from about 
20,000 bought seeds. The seeds of this plant gave rise 
in 1893 to five tricotyls and two hemi-tricotyls among 
4000 seedlings, that is, about 0.2%. Their seeds were 
harvested separately, and as the expectation of tricotyls 
was a small one, great quantities of it were sown. I 
recorded from 800 to 2900 from each, i. e., riltogethcr 
about 15,000 seedlings, and 
found the ratio of tricotyls 
(and hemi-tricotyls) to be 
from 0.2 to 0.4%. It did not, 
therefore, seem justified to 
make a selection among the 
individual seed-parents. In 
1894, 12 tricotyls the stems of 
which had remained ternary, 
and twelve specimens with 
normal decussate .stems were 
])lanted out. Several beauti- 
ful fasciations and occasional 
cases of si)iral torsion oc- 
curred in this culture (p. 369). 

The seeds were harvested sep- 
arately. In the spring of 1895 
tliey again produced only 
from 0.1 to 0.4% of tricotyls. 

Seventeen specimens from the 
seed pans with from 0.2 to 0.4% were planted out alx)ut 
a meter apart, but the seeds produced, in 1896, scarcely 
any tricotyls and only from five seed-parents, the pro- 
portion l)eing from 0.3 to 0.7%. 

In the course of four generations selection had, there- 
fore, brought about practically no advance. 



Fig. 82. Dracocephalum mol- 
davicum. A whole plant. 
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Lychnis fulgcns. The tricotylous seedlings of this 
species are as a rule weakly; their culture, therefore, is 
difficult ^nd their harvest poor. In 1892 I had a tri- 
cotylous plant whose seeds gave a proportion of 5%. 
From these I reached, in the spring of 1894, a ratio of 
13% containing one tetracotylous plant; most^of the 
tricotyls afterwards remained ternary. In 1895 they 
produced tricotyls in proportions varying from 3 to 11%, 
with a mean of 6%. In the next, i. e., the fifth genera- 
tion (spring of 1896), I counted from 2 to 8% tricotyls 
per seed-parent, and from a particular individual 21 tri- 
cotyls amongst 110 seedlings, i. e., about 19%. But the 
number of seedlings in this case was too small to signify 
a real advance. 

Pcnstcmon gcniianoidcs. In 1892 I had raised four 
tricotylous plants from lx)ught seed. They produced 
respectively 0.3, 1.0, 2,6 and 3% tricotyls in 1893. I 
planted out the tricotylous seedlings of the best seed- 
parent, but only six managed to flower. Their seeds gave 
ratios varying from 4% to 12% (March 1892), with a 
mean of 7%. The tricotylous seedlings of those seed- 
parents only which had ratios above 10% were planted 
out. Of these 8 tricotyls, 6 hemi-tricotyls and 2 tetra- 
cotyls have flowered. The seeds of the former gave 
ratios (^f tricotyls, ranging froni 0 to 3.3% with a mean 
of 2.89^ ; the hemi-tricotyls from 1.2% to 2.4% with a 
mean of 4.^^/r ; and the four tetracotyls 10% and 11%. 
amongst which, however, only a single seedling had four 
cotyledons. The offspring of both of these tetracotyls 
and of the best of the remaining seed-parents were 
planted out in 1895. Only in the case of eight plants, 
however, was the harvest a sufficient one and gave a 
ratio which as a nde was lietween 0 and 12% and which 
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attained its maximum in 15%. The latter occurred 
amongst the 300 seedlings from the seeds of a daughter 
plant of one of the two tetracotylous grandparents. 

In the last three generations the maximum ratios 
were, therefore, 12, 11 and 15%, indicating no advance 
of any significance. 

Polygonum Convolvulus. A trict;t)lons plant flow- 
ered in 1888, in isolation, in my garden. Its seeds gave 
rise to normal seedlings only (1889). From their seeds, 
about 4000 in all, 1450 seedlings were raised, and 12 of 
them were tricotylous, i. e., 1% (1890). I liarvested the 
seeds of six tricotylous plants vSeparately, and obtained 
ratios from 1% to 2.4% in sowings of about 1000 seeds 
each. Of these, 12 seed-parents produced only about 
1% in the next generation in the spring of 1892; two 
of them, however, produced 1.5 and 2^/i>. Seventeen 
])lants were planted out. In their crop (A])ril 1893) the 
proportion of tricotyls varied from 0.5 to 2% In lots of 
200 and 400 seedlings, and twelve tricotyls succeeded in 
flowering. The next generation (April 1894) contained, 
in the best cases, 2.8% tricotyls; the next one, 0 to 2% 
from 8 seed-parents (1895) ; and the last, or ninth, again 
2% only. 

Silcne conica. In 1892 I had a few tricotyls in 
flower from seed received by exchange from another 
botanical garden. Their seed gave 3 tricotyls amongst 
1000 .seedlings. I planted these out, together with some 
dicotylous seedlings, and in May 1894 I had from 0.2 
to 1% tricotyls in every lot of 350 to 800 seedlings. 
Eight tricotyls were planted out and in the spring of 
1895 their harvest gave a proportion of only 2% and 
less. From these I obtained in 1895 a fourth generation, 
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the seeds of four seed-parents producing no tricotyls 
and those of one, 2 amongst 500 atavists. 

Silcne conoidea, like the foregoing species, was ob- 
tained by exchange in 1892 and gave a single tricotylous 
seedling. In the following spring I had about as many 
tricotylous seedlings as in the previous species; and in 
the succeeding generation (1894) 3% tricotylous plants 
amongst 407 seedlings from seeds of a single tricotylous 
seed-parent. Only these 12 tricotyls were then planted 
out; and their seeds were harvested separately in late 
summer. In every lot I recorded from 300 to 900 seed- 
lings and only in two cases, where the harvest had been 
too small, so few as 200. The sowings contained, as a 
rule, from 0.5 to 1.5^// and only in one case, amongst 
316 seedlings, 3% tricotyls. All the vigorous tricotylous 
seedlings were planted out in such a way that the off- 
spring of the individual seed-parents stood in grou])S. 
Their seed was harvested from each seed-parent and 
sown sejiarately; and the proix)rtion of tricotylous indi- 
viduals was determined for each among 300 seedlings. 
This i)roi)ortion fluctuated, for the 26 seed-parents, be- 
tween 0 and 4.2^ The separate groups manifested no 
relation to the hereditary index of their several seed- 
l)arents. 'Fhe offspring of parents with 0.5% and also 
of those with 2% and 3%, had, as a rule, 0,6Yv. On 
the otlier hand the offspring of seed-parents with a mean 
of \^/( exhibited this mean ratio of 1% again, and tlie 
highest figure obtained in this exi>eriment, 4.29? oc- 
curred amongst them. 

The maximum values in the three succeeding genera- 
tions were therefore 3, 3 and 4%, f. e., they were fairly 
constant. 

In SUcuc nocti flora, also. I have studied tricot vly 
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through the course of four generations (1891-1894), 
and found it heritable to the extent of from 1 to 2%, 
but I have not made any detailed records. 

Spinacia olcracca. The spinach also contains tri- 
cotylous seedlings. I employed the Dutch spinach with 
smooth round seeds without thornv, a fine and perfectly 
constant type. In 1892 1 found a tricotylous si^ecimen, 
and grew this amongst s<>me normal plants, because the 
species is dioecious. When the liarvest was first exam- 
ined there proved to be five tricotyls and one hemi-tricotyl 
amongst 1000 seedlings, i. e., 0.6%. Then the best tri- 
cotyls were selected from several thousand seedlings; 
thirteen being met witli. During the flowering jxiriod, 
several of them proved to be moncecious, a phenomenon 
which sometimes occurs in this species and has been ob- 
served also in Cannabis sath'a, M ercnrialis annua, and 
others. I harvested the seeds separately from 5 female 
or moncecious plants, and obtained ratios of 0, 0, 0, 1 and 
2% tricotyls amongst tlie seedlings, of which only 4 
managed to flower. They were one male and 3 female 
plants which latter set an abundance of seed. They gave 
ratios of 0, 0 and 2%, the latter occurring amongst 430 
seedlings. In the summer of 1895 the tricotyls flowered, 
and I collected the harve.sts of the various female plants 
se])arately, and thus was able to determine the proportion 
of tricotyls for each parent in the spring of 1896. This 
fluctuated between 0 and 3% and in one case reached 
4%- (mean 1.5%). 

Summary: The results of the experiments described 
show that, in the cases dealt with, a stringent selection, 
extending over three years, failed to effect any definite 
and certainly any considerable advance. The individual 
instances fall into two categories; as a rule the proper- 
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tion of tricotyls was 1 to 2% and reached 3 and 4% 
so rarely that these numbers must perhaps be regarded as 
the extreme results of the errors of observation which 
are bound to occur in such countings. In two species 
the ratio was about 10 to 15%, but these were both 
perennial forms which, in my annual cultures set but little 
seed. They were Lychnis fulgens, from 1892 to 1895, 
with 5 — 13 — 11 and 8 — 19% tricotyls and Penstemon 
geHtianoides in the same years with 3 — 12 — 11 and 15%. 
They should perhaps be excluded from further considera- 
tion. Summarizing my data therefore (with the omis- 
sion of these cases) we obtain a very uniform picture 
of the inheritance of tricotyly in half races under con- 
tinued selection. 


INHERITANCE OF TRICOTYLY IN HALF RACES UNDER 
CONTINUAL SELECTION. 


Oenothera rubnnervis . . 

Chenopodium album . . . 

Dracocephahim moldavicum 
Polygonum Convolvulus 

Silene conica 

“ conoidea . , . . 

Sptnacia oleracea .... 



Thus we see that tricotylous half races exist which 
even under the most stringent selection can produce only 
small percentages of this anomaly. So far as we can 
conclude from indirect data, half races of this kind ap- 
pear to be widely distributed in the vegetable kingdom. 
Samples of seed, whether they be bought or collected in 
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the garden or in the field, which give rise to no more than 
occasional aberrant fonm amongst about 10,000 seed- 
lings, as a rule strongly suggest the existence of such 
half races. 

S 5. TRICOTYLOUS INTERMEIAA^E RACES DO NOT 
ARISE EY SELECTJON. 

In the first part of the first volunte I brought to- 
gether a long series of facts from botanical and horti- 
cultural and, most important of all, from agricultural 
literature, which afforded sufficient proof that s|)ecific 
characters do not arise 1)y selection. 

Applied to tncotyly, the truth of this generalization 
is demonstrated by the results of the experiments de- 
scribed in the foregoing section (§4) and summarized 
in the table on the preceding page. This result is in com- 
plete agreement witli my exi)erience in regard to. the 
origin of species and constant races in other cases. In 
contrast to these the so-called improved races of the 
agriculturists which have arisen by artificial and re- 
peated selection are constant only to a small extent (Von 
Rumker). On the other hand the so-called heritable 
or constant races do not arise by selection, with however 
much acumen and perseverance it may be prosecuted.^ 
The distinguishing terms are, I admit, not very practical 
and open to much criticism. The two kinds of races 
which they indicate are, however, absolutely distinct 
things, among wild plants as well is among cultivated 
species; but, unfortunately, if we only have a single in- 
dividual before us we cannot, as a rule, determine to 
which of the two types it belongs. Only its progeny can 
decide, and even this, often not until after the lapse of 

* Sec Vol I, p. 106. 
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several generations. But, at the beginning of our cen- 
tury, we stand only on the threshold on which systematic 
botany must be raised from a comparative to an experi- 
mental science. 

The experiments described in the foregoing section 
(§4) cover four generations as a rule, i. e., a selection 
of tricotylous plants four times repeated, and thrice re- 
])eated for those with apparently tlie highest values. It 
may, however, be allowable to suppose that stray un- 
favorable individuals occurred amongst the selected ones 
and that a selection of longer duration might ]X)ssil)ly be 
crowned with success. 

In order to determine this point I have, as I have 
stated above on page 383, continued the experiment with 
two species, to which I liave lately added a third, through 
about ten generations. I devoted every possible care to 
the selection and carried it out on as large a scale as 
could l)e desired. The result was a genuine progress 
which amounted in both cases from one or two per cent to 
a value which reached in the seeds of some rare seed- 
parents, even as much as 25%. But from the character 
of an intermediate race with a mean value of 50% the 
races are still far removed, and every circuirivStance points 
to the conclusion that it is simply impossible to reach 
this by the method (as yet the only available one) which 
was employed. 

Tlie two plants used in these experiments were Ama- 
rantus spcciostis and Scrophularia nodosa. The fonner 
is an annual garden plant, much in favor on account of 
its height and its red foliage (Fig. 83) : the second is a 
wild perennial species which is very common in this 
neighborhood. It flowers in its first year and can be 
easily cultivated as an annual. In the previous section 
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( § 4) these two species were omitted from consideration 
in order to describe the experiments here in their en- 
tirety. 

The hope which I cherished at the beginnitig of these 
experiments has not been fulfilled, it is true ; but I think 
that a brief notice of it will serve a useful purpose. The 
present form of the theory of selection would justify 
the expectation that a rontinued selection of the tricotyl- 
ous individuals would result in a race wliich shouki, 
\ear after year, produce tricotyls in continually increas- 
ing quantities, until ultimately a new variety or sub- 
species would arise, com|X)sed solely of such individuals. 
This form of the theory is very accommodating. If we 
have regard to the law of regression (Vol. I, p. 83), the 
mean of the race always lags further behind the indi- 
viduals which have been and are to be .selected ; so that, 
as a matter of fact we never attain to the type of a new 
and constant race. But if we neglect this law, as is now 
frequently done, we might expect that continual and 
uniform progress, which alone could account on the 
ground of the theory of selection for the origin of spe- 
cies in the vegetable and animal kingdom. And lastly 
we might assume an increase of variability in the chosen 
direction by means of selection, an hypothesis which, as 
I have shown in the first part (p. 9), is entirely unsup- 
pr>rted by evidence. 

The first of these hypotheses w^ould lead us to ex- 
pect a variable tricotylous race, never l^ecoming perfectly 
constant, a thoroughbred race in the agricultural sense 
of the word. The second would lead us to expect a con- 
tinuous and uninterrupted increase in tricotylous indi- 
viduals resulting in a constant tricotylous subspecies. 
The third would point to a gradual acceleration of the 
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process. As a matter of fact neither one nor the other 
has occurred. If we would speak of a thoroughbred 
race I oqly obtained a thoroughbred half race with a 
mean value of no more than 10 to 15% which remains 
dependent on the selection of seed-parents with about 
25%, and is perhaps capable of some very small further 
improvement. The second hypothesis is so remote from 
facts that as yet it hardly admits of being tested; my 
experiments at any rate, lend no support to it. Rather 
might they be taken to be in favor of the third view; 
for the progress does actually seem to become gradually 
more rapid after the first few years. But then it should 
be remembered that selection is at first a very difficult 
matter, the tricotyls l)eing still very rare, and for a large 
part delicate and unfit for further cultivation. In sub- 
sequent years there are hundreds of tricotyls from which 
the strongest may be selected; and we can even limit 
ourselves to the best specimens produced by the best 
parents and grandparents, and thus carry out a much 
more stringent selection. In reality the acceleration of 
the progress is thus brought atK'>ut by a practical im- 
provement in method and not by a biological increase in 
variability. 

At first I entertained the hoj^e that even if these ex- 
pectations were not justified some relation between varia- 
bility and mutability might perhaps exist.^ I imagined 
that the capacity for producing mutations might be con- 
ditioned by external influences and therefore might it- 
self be a variable character. The diversity amongst the 
mutation-coefficients of my Oenotheras seemed to snp- 
|)ort this view.^ Moreover the external conditions which 

* See my InfraccUular Pangenesis. 

• See Vol. I, p. 337. 
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shift the variability in the half race in the plus direction 
might perhaps be the* same as those which would lead 
to a mutation and thereby to ihe sudden origin of a 
rich intermediate race. This would, in fact, perhaps, 
constitute the smallest step amongst all the possible forms 
of mutation.^ If a mutation were ultimately to be in- 
duced by an improvement in the ^-Xlernal conditions and 
by the choice of indi\ iuuals thus modified in the desired 
direction,^ it should most easily occur on the limits be- 
tween the half race and the corresponding intermediate 
race. My hope was, therefore, that an intemiediate race 
would suddenly ari«?e from my improved half race and 
at first give about 50%. and then, by further culture, 
yield still higlier numbers, perhaps even tSO to 90%. 
This hope was based on the analogous case of the origin 
of Chrysanthemum segefum plenum from C. segeium 
grandiflorum ; for in this way tricotylous races behave 
when they happen to be found and are isolated (see § 6). 

A step of this kind I have, however, not yet observed. 
In the case of both species I have determined the heredi- 
tary capacity of as many as 300 seed-parents in a single 
year, but without result. I have employed every device 
of culture and in Scrophularia I sowed the seeds of the 
second and sometimes those of the third year of the life 
of the plant; but every advance was followed by a step 
in the reverse direction. I believe that I have tried evt i y- 
thing that was possible to me at the time, and I have 
continued to make every conceivable effort in spite of the 

' See p. 20 ; with regard to premiitation, Vol. T, p. 490; and with 
regard to varieties and subspecies, p. 64 of this volume. 

* Alimentation et selection. Volume juhilaire de la Societc de 
Biologic, 1899; and Vol. I, p. 142 of this work where the statement 
is made that “selection is the choice of the best nourished individ- 
uals.” 
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fact that the goal tecame ever more obviously unattain- 
aWc; but nothing I did was of any avail. The half races 
remained, half races, and the prospect of attaining an 
intermediate race is no greater now than it was at the 
I)eginning.^ 

I shall proceed now to the description of my two ex- 
l)eriments. 

Amarantns spcciosus (Fig. 83). In 1889 I had a 
tricotylous and a hemi-tricotylous specimen of this fine 
garden plant, which usually attains a height of from 
1 Y* to 2 meters. I'hey flowered together, but far remo> ed 
from any other specimens of the same genus.^ I har- 
vested the seeds separately, but only sowed those of the 
hemi-tricotylous plant. This had a small comb-shai)ed 
extension of the summit of the raceme as is shown in 
Fig. 83, and as it afterwards often occurred in this race. 
Its seeds gave rise to four tricotyls and one hemi-tricotyl 
amongst 110 seedlings, that is, a proportion of about 
4.5%. The degree of inheritance therefore proved to 
be greater than in most of the other half races investi- 
gated (§4). The culture was. however, unfavorable, 
since only one hemi-tricotylous plant could be brought 
to flower, and since therefore a number of atavists liad 
to be cultivated with it as a precautionary measure: but 
I only saved the seed of the hemi-tricotylous plant. This 
produced 6 tricotylous and 5 hemi-tricotylous seedlings 
amongst 250, that is, about 4.5% or the same amdnnt 
as in the previous generation. This time, however, I 
could plant out the al^errant forms only and I managed 
to keep the majority of them alive. Only one, however, 

' Mtitations must, nevertheless, have external causes, and these 
must he found some day, but perhaps by some other means. 

* Amarantus st>enosus is regarded by some authors as a sub- 
species of A. f>atiiculiitus. 
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flowered. It was a richly branched compact tricotylous 
specimen, which was only a meter high. It set an 
abundance of seed, which produced a proportion of henii- 
tricotyls and tricotyls, much greater than that attained 



Fig, 83. Amarantus sficciosus Top of a plant of two 
meters height from the tricotylous half race. 


in the previous generation. There were 89 alterrant 
forms amongst 700 seedlings, that is, about 13%. 

A very considerable advance had therefore been made 
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in the fourth generation (1892) and this has been main- 
tained since that time in spite of considerable fluctuation, 
tip till that time my selection had been limited by the 
fact that only hemi-tricotyls had survived to become seed- 
parents. From this point onwards I had both hemi- 
tricotyls and tricotyls in abundance. For the next four 
years I selected in these two directions, and maintained 
a tricotylous and hemi-tricotylous race simultaneously 
(1892-1896), but as no essential difference was mani- 
fested between the two I abandoned the hemi-tricotylous 
race, as stated in § 2, and only went on with the tricotyl- 
ous one. The account which follows relates solely to this. 

But liefore I proceed with it I wish to call attention 
to some facts relating to the method of culture. The seed 
was sown in sterilize<l soil in pans; the soil was not 
manured. As soon as the cotyledons had fully unfolded 
and before the first leaf was visible, the seedlings were 
recorded. All, or nearly all, of the dicotylous ones were 
destroyed and only the al:)errant forms saved. Of the 
latter I chose what I considered to be a sufficient number 
of the strongest specimens, and planted them singly in 
])ots with heavily manured soil. The best manures for 
this purpose are nitrogenous ones. If the number per- 
mits it, two tricotyls are put in each pot, of which the 
weaker is subsequently killed out. This transplantation 
takes place in Aj^ril or May; the pots are kept under glass 
in the garden until June, during the nights^'at any rate. 
Then the plants are planted out into the bed at distances 
of from 20 to 30 centimeters, and the larger lateral 
branches are cut off in order that the plants may not 
interfere with one another. The plants are monoecious, 
the male and female flowers standing close together. 
Self-fertilization seems to be the rule; for isolated plants 
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set as much seed as those grown in groups. Tlie seeds 
do not fall out and as soon as the desired quantity is ripe 
the whole raceme is cut oflf and rubbed between the hands. 
One cubic centimeter per plant, and often less, is suffi- 
cient for next year's seed; as a mle I obtained about 
4 to 5 cubic centimeters from each Individual. 

Alter the transplantation of the seedlings the lengtii 
of the cotyledons, and of ;heir stalks especially, increases 
considerably. In this way it may hap|>en that si>ecimens 
which, at their first examination, appeared to be pure 
tricotyls are found to have two of their cotyledons united 
at the base, and therefore to be deeply cleft hemi-tricot \ Is. 
I have as a nile lemoved such specimens when I discov- 
ered them, and not cultivated them further, although this 
is not actually necessary. 

In the summer of 1892 I had 11 tricotylous speci- 
mens which flowered in a group as far removed as pos- 
sible from the hemi-tricotylous culture already men- 
tioned. The harvest gave a maximum of 1 1.9% tricotyls, 
but on the average only 1 to 6.5% with a mean of 3.5%. 
In 1893 I planted out the purely tricotylous seedlings only 
of a seed-parent with a hereditary value of 6.3%. I saved 
the seeds of IS plants, lexamined between 500 and 1000 
seedlings per seed-parent, and obtained values which fluc- 
tuated between 2.6% and 7 4%; mean 4.7% (1894). 
I selected the parent with 7.4% for the continuation of 
the race and only planted out the best tricotylous speci- 
mens from amongst its offspring. T had 44 tricotyls 
amongst 1000 seedlings to choose from; besides these 
there were 31 hemi-tricotyls and one tetracotyl. I re- 
peated the evaluation of the ratio with 4000 seedlings and 
found 7.2%, that is to say, about the same value. 

At the end of the summer of 1894 my culture con- 
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sisted of the 20 best tricotyls only, and 16 of these ripened 
their seeds. In this generation, however, there was a 
considerable step back, for the individual parents varied 
between 0.5% and 3.7% ; and one parent had not a single 
aberrant form amongst 200 seedlings. The mean was 
1.8%. The seeds of the five best plants were again sown 
and 1000 seedlings from each examined. The values 
were now 2.6 — 2.8 — 3.2 — 3.2 and 3.6%. In the following 
years I endeavored to determine the cause of this re- 
turn by a series of collateral experiments, but without 
success. The variability of the hereditary value in such 
races obviously depends in great part on causes which 
wc do not yet understand. 

I now planted out the tricotylous offspring of two 
])lants with 3.2 and 3.6%, but in two separate groups 
in order to be able to confine the selection to the offspring 
of one of them later, if desired. These cultures consisted 
of 12 and 13 tricotyls, no essential difference between 
them l>eing manifested. The values calculated from the 
l)atches of 300 seedlings from each seed-parent were: 

SEED- VALUES CALCULATED FROM THE OFFSPRING 

PARENT (Spring, 1896) 

with 3.2 % 1 3 1.7 1.7 2.0 2.3 2.3 2.7 2.7 2.7 3.0 4.0 5.5 
with 3.6% 0.7 0.7 1.0 1.3 1.7 2.0 2.7 2.7 3.0 3.0 3.7 4.7 5.3 

Tlie mean for both cases was therefore about 2.5% 
(actually 2.5% and 2.7% respectively). This experi- 
ment proves how little effect an enlargement of the ex- 
tent of the cultures has in such an experiment in selection, 
for if I had only dealt with the offspring of one of the 
two parents, the result would obviously not have been 
essentially different. 

In the summer of 1896 I did not go on with this cul- 
ture, but tried to find out whether by planting out a con- 
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siderably larger number of individuals, 1 could yet im- 
prove the prospects of succoss* t'or this purpose 1 se- 
lected the two plants of 189b which seemed to be the 
Ijest, and for which I had found the highest values in 
the spring of 1896, viz., 5.3% and 5.5%. In order 
to have a large crop to select frt/iii, I sowed 15 cubic 
centinjeters of seed, and raised from 15,000 to 20,000 
seedlings, of which the ^^troiigest Iricotyls and heini- 
tricolyls were planted out singly in pots, and later jHit 
out in the beds. Three sowings were made, at the end 

March, at the end of April and in the middle of Ma) , 
in the hope of possibly increa.sing there]>y the \ariability 
and the prospect of a mutation, l^'in thermore, within the 
three groups, wddely different positions, different degrees 
(ff remoteness of the individual plants, and different 
treatment in the matter of pruning, obtained. Many 
plants gave more than 30 cubic centimeters of seed each, 
but more than ten cubic centimeters was never saved. 

Altogether I saved the seeds of about 450 plants, 
and sowed them separately, h'or each seed-parent 300 
seedlings were recorded in 1898; and the proportion of 
tricotyls was calculated from these data. The result was, 
how^ever, that a very great difference was seen to exist 
between the two grandparents of 1895; the one with the 
value of 5.3% proved to be a bad stock jilant. Amongst 
its offspring, of which there were 30, the ratio was 
greater than 3% in ten ca.ses only, and on the average 
it was 0.3 — 0.5%. And this in spite of the treatment, 
which, though varied, was the best tliat could be given, 
and in spite of the complete exclusion of atavists. 

The second grandparent, with the value of 5.5%, 
proved as fortunate in its progeny as the former had 
been unfortunate. Its offspring had all been sown tf'- 
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gether, and planted out under the same average treat- 
ment on the same bed and on the same day. About 140 
plants set seed abundantly. 

Oirthe average, however, this culture was not better 
than those of the previous years, for it only yielded a 
ratio of 4 . 5 %; but the range of variability was much 
greater. Eight plants occurred, the hereditary coefficients 
of which exceeded all previous ones. Of these, six were 
14 to 17%, one 21%, and one 25%. Here the possibility 
of a sudden advance seemed to open up. 

Before I give the whole series of figures, I wish to 
make one further observation. If in the year 1897 I 
had not cultivated 450 plants, but only, let us say, one- 
third, I would have limited my.self to the offspring of 
the grandparent with 5.5%, although the value is only 
apparently greater than the other, liecause the difference 
lies within the limits of observational error. I would 
then have obtained precisely the same result with only 
one-third of the labor. In other words, neither the se- 
lection of tricotyls as seed-parents, nor the attention paid 
to the hereditary values, although this excludes the poor- 
est tricotyls in spite of the latitude of possible errors, 
can make the experiment independent of chance. Noth- 
ing less than carrying out the experiments on a much 
larger scale can effect this. But the results of the two 
following generations will show that even in the present 
\ery favorable case, no real or permanent advance was 
effected. 

The values obtained, in the spring of 1898, for the 
140 offspring of the best parent of 1895, which itself 
lia<l a value of 5.5%, are distributed as follows: (P 
refers to the figures in percentages and A to the cor re- 
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spending ntunber of offspring which manifested these 
numbers amongst their seed ). 

P 1 2 3 4 5 6 7 8 9 10 11 32 13 14 15 16 17 21 25 
A 16 27 30 18 18 il 6 4 2 2 2 3 2 1 2 1 2 1 1 

This series only relates tc the tricotyls selected for 
my experiment. If I had planted the whole progeny 
of the parent in question without selection, the numl)er 
of low values would most certainly have been somewhat 
larger; and the apex of the curve would perhaps have 
stood over the 0 instead of over 3%. But the chief point 
in this series is that from 3% onwards the figures regu- 
larly and continually diminish in such a way that the 
two extreme variants with 21% and 25% round off the 
series continuously; i. e., in the ordinarv manner pecu- 
liar to physiological curves. It is obvious that they do 
not stand in discontinuous relations to it. 

In the estimation of the higlier individual values a 
latitude of 5% must be allowed, i. e., the figure 15 de- 
notes a real capacity of from 10 to 20%, the figure 25 
one of from 20 to 30%. In the case of extreme devia- 
tions it is always well to assume that these errors may 
have operated in the same direction. We mav only state, 
therefore, that by means of a cultivation tlu'ough eight 
generations, a ratio of 20% has been attained. But 
whether or not this is the limit, we do not know. Also, 
it is uncertain whether the parent with 25% was really 
better than those with 15 to 21%. But it is certain that 
the best seed-plant, as judged by its hereditarv value 
must be one of this group. 

Therefore, at this stage in the development of our 
race, the process of selection has become much more 
certain than before and less dependent on chance. It is 
only necessary not to limit our choice to those which 
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appear to be the very best, but to cultivate also some of 
the next best seed-parents for the continuation of the 
race. Of the culture of 1897 I selected five, viz., those 
with 16, 17, 17, 21 and 25%. In order to allow as many 
different external factors as possible to come into play, 
I sowed the following generation in two subsequent years 
(1898 and 1899), and in the first year in two separate 
lots, one in the middle ^of April and one in the middle of 
May. Altogether somewhat over 400 tricotylous plants 
were planted in this year, and the hereditary capacity was 
determined on 300 seedlings in each lot. 

But in spite of every care, the result was a return to 
previous values, and this in the case of every one of the 
five ])arents. The mean value for all of them was only 
2%; the five highest values were 9.6 — 10.6 — 10 — 11 — 
11% mostly amongst the offspring of the same grand- 
parent (E in the following table). Below I give a short 
review of the values found separately for each individual 
grandparent of 1897. The countings were made in the 
.spring of 1899. 


A. 

(rrandparents in 1897 .... 

. A 

B 

C 

I) 

E 


Their value.s in sprinj^ 1898 . . , 

. 16 

17 

17 

21 

25 

B. 

Parents sown on April 21. st, 1898- 
Their values in spring 1899: 







Maximum 

. 5.3 

2.6 

3 0 

3.3 

11.0 


Mean 

. 1 5 

0.8 

0 7 

1.1 

4.7 

C, 

Parents sown on May 7th, 1898: 
Their values in spring 1899: 







Maximum 

. 9.6 

6.6 . 

4.6 

6.3 

7.3 


Mean 

. 4.1 

2.2 

2.1 

2.5 

2.5 


Mean of the two series . . 

. 2.8 

1.5 

1 4 

1.8 

3.6 


I'he two grandparents with 16 and 25^/c must there- 
for be regarded as the best ; and it must be supposed that 
the five exceptionally high figures were brought about 
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by peculiarly favorabk circumstances which were not 
repeated in the following ^ear. 

The repetition of the experiment in 1899 gave prac- 
tically the same result. 

All in all, in the ten generations of my experiment, 
there occurred neither a sudden nor :i gradual transition 
to an intermediate race. 

And lastly let me ^Uinma^7e the whole culture in a 
simple table which gives only the mean and the highest 
value for each generation as well as the value for the 
:^eed-parent selected for the continuation of the race 


VALUES FOUND TN THE FOLLOWING 


liENERA- 

TIOS 

YEAR OF 
FLOWERING 

MF\N 

SPRING 

MAXIMUM 

SBED'PARBNT 

1. 

1889 

— 

— 

4.S 

11 . 

1800 

— 

— 

4.5 

III. 

1891 



13 

IV. 

1892 

3.5 

11.8 

6.3 

V. 

1893 

4.7 

7 4 

7.4 

VI. 

1894 

1 8 

3.6 

3.6 

VII. 

1895 

2.5 

5.5 

5.5 

Vill. (450 Ex 

.) 1897 

4 

25 

16-25 

IX. (400 Ex 

.) 1898 

2 

11 

— 


1'he whole series, with the exception of the maxiinuni 
figures for 1897 rather indicates a tluctuating around a 
constant mean value than a steady progress under the 
influence of selection. 

Scrophularia nodosa. Of this species a scries of 
forms occurs. Their characters have been given in the 
Prodromns of De CANrx)LLE. The leaves are broadly 
cordate or only rounded at the )>asu, with little teetli of 
almost uniform size, or very coarsely and irregularly 
indented, and the fruits are large or small. The form 
with cordate, unifonnly toothed leaves is very common 
in this neighborhood, and, so far as I know, the only 
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one that occurs. The form with coarsely dissected 
leaves rounded at the base, and small flowers and fruits, 
is the one employed in my experiments (Fig. 84). In 
the summer of 1901 I planted out large numbers of both 
types in my garden, after a close examination of their 
characters. Both are, as far as my experience extends, 

quite constant for many gen- 
erations, i. e., they are good 
subspecies. 

My culture began in 1890 
with the seeds of a tricotylous 
plant from our botanical gar- 
den, which, in the following 
year, produced, besides a num- 
ber of atavists, four plants with 
three cotyledons and a main 
stem with ternary whorls up to 
the inflorescence (1891). From 
the seeds of one of these plants 
I again obtained in the summer 
of 1892 some tricotylous seed- 
lings, the majority of which, 
however, became decussate af- 
terwards. Only two of them 
remained ternary throughout 
the summer, and these were the 
only ones which I allowed to 
flower. Among their seed I counted 780 and 1000 seed- 
lings respectively, and found the value in each case to 
l)e 17 .. 

In 1893. 16 tricotylous plants flowered and constituted 
the fourth generation of my race. Their seeds were 
saved separately and produced a mean of from 1 to 2%, 



Fig. 84. Scrophularia nodosa. 
Main stem of the tricotyl- 
ous half race with ternary 
whorls of leaves. 
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in the best cases 2.4 to 4.1 and 5.4%. The counts were 
made on 700, 800 and 2000 seedlings. These three plants 
had, however, decussate leaves on their main stems, and 
this shows that the disposition of leaves on the stem is 
of subordinate value in selection. In the later genera- 
tions I have always selected the ternary individuals where 
possible, but have not found that ihcy are any better than 
the others. 

In the summer of 1894 tricotylous seedlings of the 
seed-parent with 5.4% were planted out. i saved the 
seeds of 25 plants separately, and in the following spring 
examined from 300 to 500 seedlings in each crop. The 
values were essentially the same as in the previous year, 
and varied between 0.5% and 5.5% with a mean of 2% ; 
and the five best gave 3.6 — 3.8 — 4.0 — 4.2 and 5.5% ; 
the three last values are based on counts of 1000, 1500 and 
2000 seedlings. It was only the offspring of these parents 
that were planted out in 1895, and only those with three 
cotyledons and with a first whorl of three leaves (Fig. 
73, p. 366). 

By planting them out in three groups in the following 
spring, a selection was made possible which related to the 
grandparents. Those with 4.0 to 4.2% gave offspring 
with 1.3 to 5% with a mean of 3%; (from 12 parents 
and from counts of groups of 300 seedlings). The 
grandparent with 5.5% proved to be considerably better. 
Its twelve offspring had 2 to 8%, with a mean of 4.5% . 
Seedlings of this group only were planted out in 18% 
and only tricotylous specimens with ternary lower whorls, 
from parents with 6 — 6 and 8%. They were in all 72 
strong plants each of which gave a sufficient harvest for 
the calculation of their hereditary values in groups of 
300 seedlings. The parent with 8% gave 2 to 15%, with 
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a mean of 6%. The two other parents 2 to 10% and 
3 to 14%, with means of 6 and 7%. Obviously the 
difference was not sufficiently considerable to base a se- 
lection among the grandparents upon. On the other 
hand it was evident that the race had been improved by 
the process of selection which now extended over six 
generations ; and this improvement was afterwards main- 
tained. 

For the culture of 1897 I selected the tricotylous off- 
spring of three seed-parents with 11 — 11 and 15% tri- 
cotylous offspring, and planted out 100 of them, which 
were all strong plants with a ternary first whorl of leaves. 
The harvest was recorded in the spring of 1898 in the 
usual way. The three parents, however, whicli were now 
grandparents, again showed no essential difference in 
their offspring. 


VALUB FOR 

VALUE 

FOR THE 

PARENTS 

NUMBER 

THK GRANDPARENTS 

MIN. 

MED. 

MAX. 

OF PARENl 

11 % 

2 

7 

15 

20 

11 % 

3 

7.5 

15 

24 

15 % 

4 

8 5 

13 

28 


Here again the figures were tlic same as in the pre- 
vious generation. 

Although, as we have seen, the selection of grand- 
l)a rents, in this case, afforded no reliable ground from 
which an improvement of the race could be started, yet 
this must be the case whenever the hereditary capacity 
of the grandi)arent is much influenced by fortuitous cir- 
cumstances which affect the selection of the seeds. There- 
fore the sf^ecial object of such selection is mainly to ex- 
clude such cases as much as possible from the main trunk 
of the pedigree, by simply not planting out their seed 
lings. 
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But \^hen the values of several parents do not differ 
so greatly from one anotaer that the differences fall out- 
side tlie limits of probable error, individuals should he 
l>lajited out every year from all of the best parents. This 
would, however, necessitate an increase of the cultures on 
too large a scale. Nevertheless I extended my culture 
a:: far as possible in the summer « 1898 on this principle, 

and saved the seeds <.r 3(X) plants sej)arately. 

The resiilt of the 300 counts which were made on 
these lots of seeds, embracing 300 seedlings for each 
lot, corresponded with my expectations to this extent 
that one of the gratulparents proved to be ])y far the best. 
Its hereditary value was 14%, that of its offspring had 
a mean of 20%, and for two individuals even 25 t(; 27%. 
Moreover, outside the limits of this group, this race also 
sliowed an increase in hereditary capacity. 

The harvest of 1898 contained the seeds of 300 tri- 
cotylous plants, which in their turn had be^n raised from 
15 ])arents with values from 10 to 15%. The results 
were as follows (expressed in percentages) : 

Parents 10 10 10 10 10 10 11 11 12 12 13 13 34 15 35 

. j Mean . 8 10 10 11 14 19 30 15 13 16 10 13 20 14 14 

^ < Max. . 8 11 20 20 27 2b 19 25 20 24 21 21 27 21 22 

Number of offspring 1 2 19 28 11 6 8 9 27 6 36 32 12 64 39 

The mean of the whole series of counts was 12% and 
denoted a considerable increase in the character of the 
race. 

Let us now compare this series of figures with that 
given on page 405 for Amarantus speciosus. That series 
relates to the hereditary coefficients of 140, this to those 
of 3(X) plants, which in the former case belong to the 
8th, and in this one to the 9th generation. Both scries, 
therefore are the result of a selection which extended 
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over a sufficiently long period of time to justify the expec- 
tation that a definite result would be obtained. They 
exhibit, however, one striking difference. The mean of 
the figures for Amarantus is between 2 — ^3%, and this 
renders it not improbable that, if the coefficients of the 
atavists could have been incorporated in the curve, its 
apex would have been at 0, that is to say, that a unilateral 
or so-called half curve would have been the result. But 
the apex of the Scrophularia curve is at \2% and varies 
amongst the individual families from 8 to 20%, indi- 
cating thereby the possibility of an isolation of a separate 
apex for the tricotylous specimens. 

In other words, the tricotylous half race of Amaran- 
tus behaves, during this long period of selection, in es- 
sentially the same way as at the beginning (table p. 407), 
whereas Scrophularia behaves like other half races im- 
proved by selection. The scheme representing the in- 
fluence of selection on the half race of Ranunculus hul- 
bosus scmiplcnus (Fig. 52 on page 252 of this volume) 
would apply ecfually to this case. 

The explanation of this difference in behavior is per- 
haps to be sought in the assumption that in Scrophularia 
tricotyly has only been indirectly improved. I am re- 
ferring to the case of Trifolium incarnafum quadrifolium 
which I described above on page 239. In that case the 
smallest seeds gave rise to the largest number of aberrant 
seedlings. If the production of small seeds could be 
increased by selection the number of seedlings with coYn- 
ix>und primordial leaves would also be increased. It 
seems possible that in Scrophularia similar factors were at 
work, since the character involved need not. of course, 
necessarily the size of the seeds. The repeated selec- 
tion of tricotyls would not, on this assumption lead di- 
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rectly to the increase of this character, but to a supposed 
change in the structure oi the seeds which would favor 
the anomaly. Whether or no this supposition is correct 
I do not know, but it is a fact that the fruits and seeds 
of my race have gradually become smaller; and that it 
is the plants producing the largest number of tricotyls 
which bear the smallest fruits and seeds, I find repeatedly 
noted in my records. 

At any fate we are here in touch with a principle 
which may be applicable to other cases also. A selection 
may produce its eflfect on an unknown character which in 
its turn will affect the character actually dealt with. 

With regard to the extent of my culture of 1898 it 
is further worth remarking that it shows that, in general, 
the extent of tlie cultures is by no means so important a 
factor as is usually supposed. If I had confined myself to 
experimenting with three or five seed-parents, as for in- 
stance in Amarantus in 1897 (p. 406), I should have 
chosen the best ones according to their hereditary co- 
efficients ; and it was exactly amongst these that the best 
of all occurred as the series on page 41 1 shows. Increased 
extent of the experiment deepens one's insight into the 
processes involved, but does not hasten the improvement 
of the race; although it is never advisable to confine one- 
self to experimenting with one single seed-parent, if this 
can be avoided. 

The next generation, the 10th and at present the last, 
has re|:)eated the progress observed in the ninth. Here 
again the race of Scrophularia behaved differently from 
that of Amarantus. I confined myself to the progeny 
of the plants of 1897 which exhibited the value of 14%, 
and amongst the offspring of which the mean attained 
20%. From these I selected five specimens with 22 — 23 
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— 23 — 25 and 27%. I planted out 165 tricotylous seed- 
lings from amongst their offspring in pots, as soon as 
they proved tlieniselves also to be ternary in their first 
whorhj of leaves, in the following whorls about half of 
them reverted to the decussate arrangement. These were 
thrown away, and only 72 plants which remained ternary 
were ultimately planted out. They were fairly uniformly 
distributed over the crops of the five parents. 

From these 72 plants, 72 values, in five groups, were 
calculated in the following spring (1900). The lowest 
values, arranged in a series corresponding with the in- 
creasing values of the five parents, now grandparents, 
were 9, 8, 13, 8 and 11%, the means 16, 17, 18, 17, and 
19%, and the maxima 19, 22, 26, 22 and 26%. As we 
see the five groups did not exhibit any essential differ- 
ence. The mean value of the previous generation, 12%, 
had now been exceeded, but the maximum remained the 
same. 

Let us now summarize the whole experiment in the 
following table: 


GENERA- 

TION 

YEAR OF 

M.OWERINC; 

VM.TTES FOUND IN THE 
SPRING 

I OWEST MEAN 

FOLLOWING 

HIGHEST 

I. 

1890 

— 

— 

— 

11. 

1891 



— 

ill. 

1892 

— 

— 

1 

IV. 

1893 

0-0.3 

1-2 

5.4 

V. 

1894 

0.5 

2 

5.5 

VI. 

1895 

2 

4.5 

8 

VII. 

1896 

2-3 

6-7 

14-15 

VIll. 

1897 

2-3 

7-8 

15 

IX. 

1896 

2 

12 

25-27 

X. 

1899 

8 

16-19 

26 


Progress is, as we can see, a continual one, and the 
selection has l)cen, although perhaps only indirectly, (p. 
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412), successful throughout. Nevertheless an interme- 
diate race has not arisen, either gradually or by means 
of a sudden jump. The progress in the last two years was 
more rapid than before as the lesult of increased strin- 
gency of selection, witliout, however, al^ording any in- 
dication that the mean of 50^^ wrs likely soon to be 
reached. 

Oenothera Bcrteriunn. Besides the two cultures men- 
tioned which were begun in the first jears of my ex- 
periments in selection, I have cultivated yet a third race 
with the same object. This race was one in which the 
intercrossing of the various individuals could always be 
avoided. There ij, however, no ground for fear that 
occasional una\oidahle crosses in Amarantiis and Scro- 
phnlaria had any considerable effect on the selection ])ro- 
cess; for both species must be fertilized almost entirely 
with their own pollen on acount of the great number of 
their flowers which are open at the same time: and they 
are, when thus fertilized, perfectly fertile as isolated in- 
dividuals show. Moreover what is sj)oiIed by crossing 
is eliminated by selection. 

But the evidence is more satisfactory if self-fertiliza- 
tion can be insured. This occurs in Ocnothoa Bcrfrriana. 
Its flow’ers fonu perfectly iK»rmal fruits and seeds, wdien 
the visits of insects are excluded. I enclosed my ])Iants 
in a cage of fine metal gauze. Some years I have fer- 
tilized them artificially in it: but this is quite superfluous, 
because when the flower withers the stigma bends down- 
wards and thus reaches the pollen. In the two last sum- 
mers the cage was shut from the l^eginning of the flow- 
ering period until the seed began to ripen. Nevertheless 
they all produced fruits with scarcely an exception. These 
fruits contained an abundance of seed, and a few from 
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each plant are sufficient, and this is a great advantage 
as compared with the laborious process of liarvesting in 
Scrophularia. 

My culture began in the summer of 1896. At that 
time the prospect of obtaining an intermediate race in 
the other two races had already become very remote. 
From some plants in our botanical garden I saved seeds 
which produced 13 tricotyls, 4 hemi-tricotyls and one 
tetracotyl amongst 300 seedlings, i. e., 6%. This figure 
was considerably higher than most of the values of my 
half races mentioned on page 392, and about as high 
as the value attained by Amarantus and Scrophularia at 
that time. At the same time six other species of Oeno- 
thera were tested with reference to their production of 
tricotyls. I found from 0 to 1 and 2% and therefore 
selected the 0. Berteriana. In the spring of 1897, tri- 
cotyls only were potted singly, and planted out in July 
in the beds. Their hereditary values were determined in 
the following year in the case of 15 plants. They fluctu- 
ated between 1 and 12% and exhibited a mean of 4%. 
In the following generation, 1898, I was able to plant out 
about 60 strong tricotyls, and since that time I have con- 
ducted the cultures on this scale with only slight modi- 
fications. 15 tricotyls from the plant with 12%, and 45 
from those with 6 to 7% were planted out. The former 
group, however, proved to be no better than the latter. 
The values of these plants varied from 2 to 16%, with 
a mean of 4%. The best of the five other groups, how- 
ever, had values varying from 6 to 16%, with a mean 
of 8% (from 10 separate crops). The remainder varied 
between 4 and 11, with a mean of 6%. I selected the 
three best parents whose values were 15, 16 and 16%, 
and T planted out the strongest tricotylous offspring of 
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each (1899). This year 77 plants gave a sufficient har- 
vest, the figures for the three groups (each derivecf from 
a single grandparent) did not exhibit any differences 
worth nirntioning. The minimum was 2%, the mean 
12, and the highest value 25 yr. Therefore a consider- 
able advance on the preceding generati jii had taken place. 
In 1900 I had only 31 plants, l)earing seed, which were 
cultivated in the same w a\ as in the previous year. They 
constituted three groups, each from a single grandparent, 
but without exhibiting any ditferences worth considera- 
ti(m. The hereditary values varied between 5 and 17% 
and their mean w^as 10 to 13%. The culture of the last 
yeai (1901) embraced 40 plants, the values of which 
varied between 0 and 21 and had a tnean of 10%. 

The result, like that of the two foregoing species, 
may now be summarized in tabular form. 


VALUES DETERMINED IN THE FOLLOWING 


GENERA- 

TION 

YEAR OF 
FLOWERING 

MEAN 

SPRING 

HIGHEST 

SEED-PARENTS 

I. 

1896 

— 

— 

6 

II. 

1897 

4 

12 

12 

III. 

1898 

4-8 

16 

15-16 

IV. 

1899 

12 

25 

23-25 

V 

1900 

10-13 

16-17 

14 

VI. 

1901 

10 

21 

— 


The prospect of raising an intermediate race seems 
therefore in this exi^eriment to be as small as in Amaran- 
tus and Scrophularia. 


§ 6. THE ISOLATION OF TRICOTYLO JS INTERMEDIATE 

RACES. 

It is just as easy to isolate an intermediate race from 
seed which has been bought or obtained from any other 
source if it happens to be already present in it, as it is 
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difficult to raise one if it is not. Isolation can be effected 
in two to three generations as a rule, in fact as soon 
as the hereditary values of the plants raised from tlie 
original mixture of seed have been determined. Very 
little care and no artificial fertilization at all is necessary 
for this purpose. It takes place as quickly in dioecious 
wind-fertilized flowers, such as the hemp, as in self- 
fertilizing species enclosed in bags or cages. 

In the choice of species and varieties one obviously 
has not a free hand. We must first search for cases in 
which the desired faces happen to be present, and for this 
jmrpose sowings of considerable extent have to be made. 
If lots of ten to twenty grams of seed, according to the 
size of the individual grains, are sown, it can be seen 
soon after germination whether the species is likely to 
jinxluce a tricotylous intermediate race or not. The oc- 
currence of 1 to 2 tricotyls amongst about 10,000 normal 
seedlings does not justify this expectation, but that of 
one or more per thousand does as a rule. 

The cultures of my half races mentioned in § 4 (p. 
392) liad begun in 1892 or earlier, and in the spring 
of 1895 there could be no doubt that I should not obtain 
an\' intermediate races from them. I resolved therefore 
to seek them elsewhere, and selected for this purpose 
about forty sj^ecies and varieties of garden plants, which 
were chiefly annuals. The result of this sowing, which 
was conducted on a large scale, has already been given 
on ])age 380. Most of the sorts contained too few tri- 
cotylous seedlings. Only 8 ofTered the prospect of giving 
rise to an intermediate race, and of these T had to reject 
three for various reasons. The remaining five, however, 
fulfilled my exj'iectalions. 

Before I proceed to the description of my experiments 
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it is desirable* in connection with what was said in the 
first part of this volume, to consider what we should 
expect to occur in the isolation of such intermediate races 
as may happen to be present The intermediate race does 
not differ from the ordinary types or half races in any 
visible characters, but only in the frequency of tricotylous 
specimens. If the tricotylous individuals are selected for 
culture from crops raised from bought seed, it is by no 
means certain that these and these only belong to the 
intermediate race, if indeed such exists at all. For in 
addition to this, the half race is almost always present, 
and this, as we know, also contains some tricotyls. On 
the other hand the intermediate race always produces 
atavists and usually in considerable numbers. Provided 
therefore that the crop contains an intermediate race, 
some of the dicotyls and some of the tricotyls would be- 
long to it ; but the prospect of obtaining it from the latter 
will obviously be greater than from the former For this 
reason I select, wlienever possible, tricotyls only for trans- 
plantation. All that then remains to be done is to save 
their seeds separately from each plant and to determine 
their hereditary values in the harvest. If any of these 
are especially high they belong to the intermediate race, 
and all the rest are thrown away inasmuch as they in- 
clude the half race and the doubtful cases. Ordinarily 
the race is by this time perfectly pure and can be improved 
by selection on the ordinary lines. As a rule, the means 
of the curves describing my intermediate races, lie l>e- 
tween 50 and 60%, and can be brought as high as 80 to 
90% by selection in occasional individuals. 

In contradistinction to the unsuccessful experiments 
described in the previous section there can be no doubt 
in these successful cases that we are not dealing with the 
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selection of the extreme variants of ordinary fluctuating 
variability. Even the doctrine of unilateral increase in 
variability as a result of selection is of no help in this 
case (see § 2, p. 9), for selection could hardly operate 
so rapidly as to produce its whole effect in a single gen- 
eration. The old saying of gardeners that the first con- 
dition necessary for the production of a novelty is to 
possess it already, also applies to these purely experi- 
mental races (Vol. I, p. 185 and elsewhere). If the tri- 
cotylous race does not already exist it cannot, at present 
at any rate, be either isolated or bred. 

A high percentage in tricotyls is seldom found in 
wild species. The highest value I have yet found oc- 
curred in Linaria vulgaris in the spring of 1894 in a sow- 
ing of the seed of a hemipeloric plant of the race that 
I was cultivating at that time (see p. 211). There were 
59 tricotyls amongst the 425 seedlings, i. e., 14%. Amongst 
commercial seed the prospect of obtaining intermediate 
races seems to me to be the greatest, as I have already 
stated, in those sorts which are cultivated on a large scale 
in the field or in the garden. It is much smaller in those 
varieties of flowers which are only grown on a small 
scale every year. Moreover it seems obvious that cul- 
tivation on a large scale should favor the origin of new 
races. 

If the intermediate race, which is being sought for, 
exists in some sample of seed, we may expect to find 
mean, Ijettei or inferior representatives of it. If the 
former is the case the mean character of the race, that 
is about 50 to 60% of tricotyly is attained at once, and 
this occurs in the majority of cases, as might be expected 
and as the table at the conclusion of this section will 
show (p. 439). Individuals with a higher productive 
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capacity are rarely found at first. I came across an 
instance of one only once, a^ the beginning of my experi- 
ment with the syncotylous Helianthus annuus (see the 
following chapter). If individuals with low hereditary ca- 
pacities are found, those with mean values can as a rule 
be easily raised from them, for tlit?y are to be regarded 
simply as minus variants of the race sought for; and 
will therefore, in conformity with the law of regression, 
revert to this value even if selection be ^nly suspended 
(see above, p. 5). Experience shows, and the table al- 
ready referred to will demonstrate, that one or two gen- 
erations are, as a rule, sufficient for the attainment of 
values of 50 to 60%. 

Before I proceed to a detailed description of my ex- 
periments I will give a few instances to show the course 
which these experiments in the isolation of tricotylous 
intermediate races follow. 

The attainment of the mean value. On oage 380 I 
have given, in a small table, the numbers of tricotyls 
which I found in some samples of seed in the spring of 
1895. For some of these species these tricotyls were 
planted out and their seeds saved separately and sown. 
I obtained values from 12 to 19% in the best individuals 
(spring 1896), and on the rest, as a rule, much fewer. 
These were regarded as belonging to the half race or as 
of doubtful significance. The tricotyls from the best 
parents were now (1896) planted out, and the hereditary 
value for each was calculated in the following spring. 
Below I give a resume of these figures in groups of 0 — 2, 
3 — 7, 8 — 12^^ . with means of 1 — 5 — 10% and so forth, 
for convenience of comparison, and indicate, for each 
such reduced value, the number of individuals which 
exhibited it. 
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ISOLATION OF TRICOTYLOUS RACES. 

HEREDITARY VALLES OF THE SECOND GENERATION. 

^ FIRST 

GENER- 1 5 10 15 20 25 30 35 40 45 50 55 60 65 

ATION 

nctfktapuhhella 16% 0 1 1 7 1 4 7 3 4 2 1 4 2 2 

I^apciver Rhoeos 18% 0028543 1000 1 

Papaver Rhoeas 19%001 1 8 2 1 4 4 0 1 

Phacelia ianacetifoha 14% 033 113 8 6 4 2 2 2 

Ii is easily seen that in such cultures the choice of 

Specimens which belong undoubtedly to the intermediate 
race is made jiossible. All plants with a low hereditary 
value are simply rejected, since the possibility exists that 
among them may be hidden hybrids between the two 
races. I'he high values are free from this doubt and 
indicate the pure race we are searching for. 

Thoroughbred races. Under this term those races 
are included in agriculture which have been considerably 
improved l)y stringent selection. In the first part of the 
lirst volume we have seen that they remain de]>endent 
(>n continued selection, and do not really become constant. 
lo)r studying the features of such races, the tricc^tylous 
intermediate races afford most suitable material, for, 
after reaching the mean value of about 50%, we may 
select the extreme variants, and, by their culture, improve 
the race much farther. As instances I choose Mercurialis 
aunua, a large agricultural crop, and Silene inflata, which 
I derived from seed introduced with cereals. Both cul- 
tures were started in 1892, and reached a hereditary 
value of 55?( in the harvest of 1894. From plants with 
this value T raised a fourth generation, which offered me 
the following figures: 
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SELFX'TION OF THOROUGHBRED TRIC'OTYLOl S RACES. 

HEMEDITARY VALUES OF THE BEST TRiCOTVLOUS SF.KD-l* \KEVTS OF THE 
FOURi H GENERATJON. 

THIRD 

GENER- 25 30 35 40 45 50 55 TO (>5 70 75 80 85 

ATION 

Mercurialis annua S6% 1 2 2 1 2 1 2 3 1 

Silene Inf lata 55% 10234 *4 44711 

It will be seen that regression did not accompan}' this 
..election, because the parent plants deviated too little as 
yet from the mean of the new race. On the other hand 
the high values of 75-85% were immediately readied, 
and this obviously indicates a considerable advance. These 
instances, taken together with the table which will be 
given on page 439, are sufficient to indicate the method 
by which tricotyloiis intermediate races, if they are at 
all present, can be isolated and improved. They will 
facilitate the understanding of the detailed description 
of my experiments. These obviously present, according 
to the species investigated, greater or less deviations from 
the instances given, but as a rule they are not essential 
ones. Therefore I shall give these descriptions as briefly 
as possible. 

But before doing so I wish once more to lay emphasis 
on the fact that these cases are thoroughly distinct from 
those in which only half races are present, and from 
which, after several generations, often no more than 2 
to 4% and only very rarely as much as?0% was reached, 
as maximum figures (see table on page 392). 

Oenothera hirtella. Under this name I cultivate a 
tricotylous race which I obtained by chance from bought 
seed. In 1895 I was growing some samples of seed of 
Oenothera Lamarckiana and allied species which had 
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either been bought or obtained by exchange, in order to 
compare them with my own strains. In the autumn I 
saved the seed of a number of separate specimens and 
sowed it in the hope of finding a tricotylous intermediate 
race amongst them, inasmuch as my own races and vari- 
eties offered no prospect of producing them, as has al- 
ready l^en mentioned for a special case, that of Oeno- 
thera rubrinervis (p. 383). This hope was fulfilled by 
a single specimen, all the remaining lots of seed giving the 
usual very low values of from 0 to 4%. This specimen 
was a plant which was noticed by some striking distinc- 
tive marks. It was taller and slenderer in growth than 
all the other species, more than 2 meters high, with a long 
raceme interrupted in places by the failure of some of the 
lower buds. Its flowers were of the size and structure 
of those of 0. biennis and, like this form, were self- 
fertilized within the buds before their opening. Its pro- 
geny have kept true to this type through a series of gen- 
erations. 

This stray plant produced from its seeds, in a lot 
of 300 seedlings, 7% tricotyls, and in another estimation, 
amongst 2430 seedlings, 8% tricotyls, of which 1 43 were 
tricotyls in the restricted sense, 59 were hemi-tricotyls, 
and 4 tetracotyls. Whether the parent itself had three 
cotyledons, I do not of course know. 

Of this crop the tricotylous seedlings only, and of 
these only the strongest, were planted out on the 2d of 
April, 1896. In the middle of July, some few days be- 
fore they flowered, the whole bed was covered with a 
great cage of fine cloth. The cloth was removed at the 
beginning of September and at the same time all the 
open flowers and buds were removed from the plants. 
Seeds were saved separately from 54 individuals and 300 
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seedlings were counted from each lot. The result was a 
very remarkable one. With a single exception the fig- 
ures formed a close series of which the mean was 7%, 
whilst the great majority of figures lay between 2 and 
12%. (Two parents with 0.5 and 1.0 and three with 
13, 14, and 17%. ) Besides these there was a single 
plant which stood far from the others in the series. It 
had produced 56% tricotyls, i. e., more than half of its 
seeds were tricotylous. For the sake cf greater certainty 
this value was determined twice. The percentage value 
calculated from a lot of 768 seedlings was 58% ; from 
another of 657 seedlings 54% ; with a mean of 56% for 
1492 seedlings. 

This one plant, therefore, had a hereditary value 
which corresponded closely with the mean value which 
we should expect the intermediate race sought for to 
possess. Of course the experiment was continued from 
the seeds of this plant only. The seedlings of all the 
other parents, tricotyls as well as dicotyls, were thrown 
away. 

Two courses were now open to me, either simply to 
maintain the race, or to endeavor to improve it by further 
selection. In the former case, selection would have to 
be avoided as much as possible, and we should have to 
harvest and sow the seeds of all the specimens mixed 
together, and in planting out the seedlings be careful not 
to give preference to the tricotyls. I have not done this ; 
but as is my custom, I have harvested and recorded the 
seeds of each individual separately and only planted out 
the seedlings of the*best parents, that is to say the parents 
with the highest hereditary values, for the continuation of 
the race. 

In the summer of 1897, 37 tricotylous offspring of the 
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parent with the value of 56*/o flowered in a cage of metal 
paiize. The values, calculated in the usual way from the 
harvest, jgave a good curve, whose mean was 72%. The 
lowest percentage of tricotyls was now 38%, the three 
highest 83—83 and 89%, that is to say, a very consider- 
able advance. 

Atavistic seedlings of the same parent were also 
planted out, but they naturally exhibited a somewhat 
smaller advance. 

In tlie following year, 1898, 1 did not sow the seeds of 
the plant with 89%, but from various considerations 
those of one with 66%. The reason for this choice was 
that the plant had flowered early and that the harvest 
luid been increased thereby. The parents with the higher 
values had flowered too late or set too little seed, and it 
would have been very dangerous to have continued the 
exix>riment along this line. Moreover there was no 
longer any particular interest in improving the race fur- 
ther. The mean value has been lessened thereby to 
aljout 40%, and the maximum to 74%. 

Cannabis satk’a. I propose to deal now with two 
cultures of dicecious plants. Cannabis and Mercurialis. 
In these cases .self-fertilization is impossible; neverthe- 
less the isolation of the intermediate races was effected 
as easily and almost as quickly as in Oenothera Without 
doubt self-fertilization has in such experiments, when- 
e\er feasible, the high value which is usually assigned to 
it : but the experiments now to be described show that it 
can often be dispensed with, as well. This result is very 
important, because it makes isolation and selection pos- 
sible in species in which an artificial fertilization of every 
single seed-parent would increase the labor beyond meas- 
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lire. Such a task I have, therefore, only undertaken 
with a single, species. Antirrhinum majus. 

Only some varieties of hemp seem to include tricotyl- 
ous intermediate races. Amongst those which I have 
tested I have found such a one in the giant hemp only. 
In the spring of 1893 I sowed a large quantity of seed of 
this species, but was only able to bring 7 tricotylous plants 
to maturity. Unfortunately the majority of them were 
male, and there was but a single female plant. This, how- 
ever, produced four tricotyls amongst 126 seedlings. In 
1 894 two of these were female and two male. The seeds 
of the former were saved separately and yielded 15 and 
9% tricotyls amongst 400 and 600 seedlings respectively. 

For the continuation of the race, only the tricotylous 
seedlings of the parent with 15% were planted out 
(1895). There were 29 plants, of which 10 bore seed. 
Their values were 19 — 31 — 38 — 40 — 43 — 47 — 48 — 50 — 
52 and 63%. As we see they attained the mean value of 
the intermediate race and even exceeded it in one case, 
(63% amongst 316 seedlings). The tricotylous offspring 
of this individual alone were planted out (1896). Of 
these, 38 specimens set seed, and from this the values of 
the individual parents were calculated. I reduced them, 
as usual to groups with 40 — 45 and 50% etc., as a mean 
value, and found the 38 offspring of the parent with 63% 
to be distributed as folows: 

Proportion of tricotyls 40 45 50 55 60 65 70 75 80 

Number of seed -parents 553 10 55221 

The mean of the series is at about 55%, and the 
series therefore constitutes a good instance of a young, 
isolated race which, however, has not yet been improved 
to any considerable extent by selection. 
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In 1897 I continued the culture for the purpose of 
improving the race. I sowed the seeds of four plants 
which had 65 — 66 — 67 nd 70% tricotyls , and managed 
to bring ^60 tricotylous plants to maturity, of which 26 
set seed. Their hereditary values varied between 35 and 
90%, their mean being 74%. This indicates a satisfac- 
tory advance. 

Mercurialis annua. In 1892 I possessed two tricotyl- 
ous plants, one a female, the other a male, which had 
been raised from species that had been obtained in ex- 
change from some botanical garden. The yield was very 
]X)or; only 14 seeds germinated and they had two cotyl- 
edons each (1893). In saving their seeds I did not 
isolate them and found 2% tricotyls amongst the 1100 
seedlings which were raised in the following spring 
(1894). Besides these several tricotyls had come up in 
the bed from seeds which had fallen out, so that I had 
altogether 18 female and a corresponding number of 
male tricotyls. This culture gave the expected result. 
The liereditary values calculated for the individual seed- 
parents were distributed regularly between 1 and 55%, 
the five highest being 31 — 34 — 41 — 52 and 55%. The 
intermediate race had therefore been isolated at least in 
these latter specimens. In 1895 1 only planted out tri- 
cotylous seedlings from the one parent with 55%. Of 
course it was uncertain in this case whether the pollen 
had l>een produced by plants belonging to the intermediate 
race. Rut the values calculated in the spring of 1896 
suggested that the race was fairly pure. I have already 
given this series of figures above (p. 423). The mean 
was at 67. the maximum had increased to 86%. 

In 1896 the tricotyls of two parents, whose values 
were 78 and 81%, were planted out in lots of 25 and 20 
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respectively. The values for the two groups did not 
differ essentially, and w^rc distributed between 51 and 
92%, and the mean of the 25 plants (the rest had been 
male) was 73%. The race had, therefore, in compari- 
son with the previous year, undergone a further im- 
provement. 

It was continued one year more in the same way 
(1897). 12 female and several male tricotylous off- 

spring of the parent with 92% were planted out, and the 
values calculated from these were found to be distributed 
between 65 and 91%, with a mean of 78%. 

We see, therefore, that after the figure 55% had 
been reached in the harvest of 1894 the mean value rose 
in the three following years of the experiment to 67, 73 
and 78%. 

Clarkia pulchella, Fig. 85. It was in the spring of 
1895 that I made the extensive sowings of horticultural 
seeds to which I have already referred, for the purpose 
of isolating tricotylous intermediate races. The seeds 
of Clarkia pulchella alba produced about 1% tricotyls. 
30 of these flowered, but only 18 of them produced suf- 
ficient seed. Two of them had hereditary values of 14 
and 16%, the rest from 0 to 7%, with a mean of 4%. 
In 1896 only the tricotyls of the parent with 16% were 
planted out. There were 39 of these, and for all of them 
a value could be calculated. These values have been given 
on page 422, and were above 50% for eight plants. The 
intermediate race, therefore, was already represented by 
several specimens. 

In 1897 I planted out only the tricotylous seedlings 
of the plant with 64%, and saved the seeds of 39 
of them. Their hereditary values were distributed be 
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tween 16 and 79% and gave a mean of 49%. The race 
could therefore be regarded now as perfectly pure. 

Helichrysmn bracteatum compositum, Fig. 86. From 
the sarne set of sowings as that which contained Clarkia, 
I planted out some tricotylous seedlings of Helichrysum. 
'I'here was a relatively large number of them, and alto- 
gether 19 set seed. For each one the value was calcu- 
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lated separately. In the case of 15 plants these were 
distrilnited Itetween 2 and 8% and exhibited a mean of 
4'/f : hut there were higher figures besides, viz., 12 — 12 — 
W> ami 417f. The latter plant was obviously a repre- 
sentative of the intermediate race sought for; the re- 
mainder were thrown away as doubtful, although if 
tliere had nr>t happenetl to be such a favorable plant 
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among them all, the plant with 16% wonlcl, no doubt, 
have offered me as good a prospect as the corresponding 
plant of Clarkia. The chosen plant was remarkable for 
the large proportion of tetracotyls and the low proportion 
of hemi-tricotyls which it produced. There were 11% 
of the former, and only 1% of the 
latter. This peculiarity has reappeared 
amongst its descendants, especially with 
regard to the tetracotyls. 

In 1895 I planted out on separate 
beds tricotyls and tetracotyls of the 
parent with 41% only. Among the 
tricotyls 32 plants set plenty of seed. 

Of these one produced only 6% tri- 
cotyls, amongst the rest the values 
were distributed between 13 and 43%, 
and their mean was at 26% . The 
tetracotyls gave similar numbers, em- 
bracing 19 plants with from 14 to 42% 
and a mean of 25% ; besides these there 
was one plant with as much as 51%. 

This latter fact must obviously be at- 
tributed to a fortunate chance, and we 
may conclude that the tetracotyls are sum hracteatum 
not more likely, nor on the other hand compositum, A 

less so, to produce tricotyls than the a plant of the tri- 

tricotyls themselves, but that they ob- 
viously belong to the same race, i. e., 
that their character is brought about by the same ele- 
mentary factor. The proportion of tetracotylous seed- 
lings in this culture was very high, but not higher than 
the ratio recorded for the first generation. 

For the continuation of the race only seedlings of the 
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tetracotylous parent with were plantect out. Here 
again )>ot]i the tricotylous and tetracotylous plaiitlets were 
used, but this time not in separate lots Seeds of 37 
plants w^re saved and sown, and they gave values which 
did not differ essentially from those obtained in the fore- 
going year. They were distributed fairly regularly be- 
tween 16 and 52% and had a mean of 35%, i. e., the 
mean value had undergone ,a considerable increase. 

Antirrhinum majus. It was with this plant that I 
made one of my first experiments in the production of 
tricotylous races, and the fact that the progress in this 
case was much slower than in later cultures, may well 
Ih! ascribed to the less extensive experience which I had 
at that time. I am now inclined to regard the practice 
of selecting from an insufficient number of seed-parents, 
and also of inadequate manuring as some of the causes. 
Xevertlieless I shall descril)e the experiment because it 
nltimalely led to a genuine tricotylous race. On the other 
hand it may not be unimportant to show that, if a repe- 
tition of my tricotylous cultures is made, the attainment 
of the end must not always be expected to be reached 
in two or three generations. 

I have attempted to isolate tricotylous races from two 
varieties of the Snap-dragon. First from the striped 
variety mentioned on page 120 of this volume, and figured 
in Plate T ; but as the success attained with this after 
four generations (1802-1806), was not so great as in 
the other case, and 45 o; bad not been exceeded, I did 
not proceed further with it. Therefore T sliall confine 
my descri|)tion to the latter. It was a dark red half- 
dwarf variety. 

In 1802 T liad four tricotylous plants from bought 
seed, and from their seeds obtained in the following 
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spring (1893f the proportions 2 — 4 — 7 and 7% of tri- 
cotylous seedlings, counted lots of from 300 to 500, 
I only planted out the seedlings of one of the plants with 
7%, but the experiment was not successful, and only 
three tricotylous plants gave a sufficient quantity of seed. 
Their hereditary values were 2 — 8 and 8%. The seed- 
lings of one of the best plants were planted out in ,1894. 
Jn this year I had twelve triqptylous plants for which I 
could calculate the values. With two exceptions, they 
were distributed between 7 and 19%, but the exceptions 
attained 23 and 25%, the mean of the wdiole group being 
13%. In 1895 the tricotylous seedlings of the two best 
parents were planted out in separate groups. The mean 
numbers of these differed considerably; but both attained 
a proportion of 41% as maximum. The parent with 
23% had produced offspring the values of which were 
distributed between 7 and 31% (18 plants with a mean 
of 17% and one plant with 41% tricotylous grand- 
children; whilst the parent with 25% gave values from 
15 to 31% amongst 12 offspring, with a mean of 26%, 
and two specimens with 41%. In conformity with the 
])rinciples of selection of the grandparents, the three 
plants with 41% were not regarded as analogous, and 
only the offspring of the parent with 25% and with a 
mean, calculated from its grandchildren, of 26% were 
planted out. The progeny of the third plant with 41% 
were considered as of inferior value and thrown away. 

In the following spring, when the values llkre cal- 
culated, no essential difference could be detected between 
the two groups of my culture of 1896. In percentage 
calculated from lots of 300 seedlings these figures were 
as follows: 
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VALUES OF THE OFFSPRING ^ NUMBER OF 
PARENT LOWEST MIDDLE HIGHEST SEED-PARENTS 

A 41% 31 45 67 16 

B 41% 22 50 79 22 

Sin6e these two cultures may be regarded as typical 
of ordinary intermediate races, not subjected to improve- 
ment by selection, I will give the full series of figures 
for one of them (B). They are as follows: 


71 

79 



60 

60 



50 

51 

55 

55 

41 

42 

46 

47 

35 

36 

39 


22 

25 




55 56 58 59 

47 


Written in this way the figures show, without any 
further treatment, a group in the fonn of a curve the 
ajiex of which was between 50 and 55 %.^ 

I planted out the grandchildren of the plant B only, 
and selected for this purpose (1897) the two parents 
with 71 and 79%. The two cultures consisted of tri- 
cotylous plants only, flowered on separate beds, fertili- 
zation being left to the agency of insects, however, as in 
previous years. The result of the determination of the 
values in the spring of 1898 was as follows: 


HEREDITARY VALUES OP THE OFFSPRING Nl'MBER OF 
LOWEST MIDDLE HIGHEST SEKD-PARENTS 

C 71% 34 62 74 23 

D 79% 48 64 79 24 

In comparison with the previous year, therefore, an 
aclvandPhad taken place in the mean values but not in the 
maximum. 


It is my custom to plot the harvest raised from each parent and 
from each grandparent in this way. When grouped in this manner 
tlic figures display the result very graphically; and immediately show 
whether it falls outside the limits of observational error ; and whether 
therefore the existence of differences between the individuals is 
^hown beyond doubt. 
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Let us now summarize the whole culture, which ex- 
tended over six years. We obtain the following series : 


VALUES IN THE HARVESTS OF 



1892 

1893 

1894 

1895 

1896 

1897 

Highest value 

7 

8 

25 

41 

79 

79 

Mean ‘ ‘ 

5 

6 

13 

26 

50 

64 

L-owest ‘ ‘ 

2 

2 

7 

IS 

2? 

48 


As already stated, the intennediate race had therefore, 
in this case been isolated only gradually from the mix- 
ture, chiefly as the result of the originally small extent 
of the cultures. 

Papaver Rhoeas, In 1895 I selected 21 tricotylons 
seedlings from a sowing of the double garden variety 
of this plant with mixed colors. They yielded an abun- 
dance of seed, which gave the following percentage of 
tricotyls, counted in groups of 300 seedlings each: 

18 19 19 20 

12 12 

7 7 8 

4 4 4 4 6 

0.5 1 1 1 1 1 2 

This group plainly exhibits two sections, a half curve 
with an apex at 1 % and 4 seed-parents with the proportion 
of 18 to 20%. Obviously these four belong to the inter- 
mediate race sought for, whilst the rest are partly hybrids 
between the two races. The best tricotylous seedlings of 
the two parents with 18 and 19% were planted out in 
1896. They flowered and set an abundance%f seed. 
The determination of the hereditary values from lots 
of 300 seedlings each gave a result for one of the two 
parents, with 24 offspring, of 10 to 56% with a mean 
of 19%, and for the other from 10 to 53% with a mean 
of 26%. Seedlings were planted out from the two best 
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plants of these groups and the result in the following 
spring, 189<S, was 23 to 65%, with a mean of 40% among 
17 seed-parents, and 26 to 75%, with a mean of 47% , 
amongst 13. 

Phacclia tanacetifolia, Fig. 87. My race arose from 
the same set of bought seed which included Clarkia, Hcli- 
chrysum and Papavcr, In the summer of 1895 I had 
20 tricotylous plants, raised from bought seed, in flower. 
Their values constituted a two-fold group like that which 
occurred in Papavcr, Three seed-parents had 12 — 12 
and 14% , Imt the rest had values between 1 and 10%; 
the three former were alone used as the basis of my 
race. The three cultures derived from them gave 30 — 6 
and 9 separate harvests, which were evaluated in the 
spring of 1897 in the usual way. The lowest, middle 
and highest values for the three groups were 5 — 26 — 58, 
21 — 28 — 42, and 6 — 14 — 16%». Obviously the two first 
grand-parents had given better offspring than the last 
one. I selected the former group for the continuation 
of the race, employing the two best ])lants with 54 and 
58%>, They gave two groups of tricotylous plants, the 
harvests from which exhibited a great advance on the 
average, but which did not differ essentially from one 
another. With the exception of the extremes these fig- 
ures constituted a closely circumscribed group of 35 val- 
ues distributed between 35 and 72%, with a mean of 


The extremes were 20 and 22%, and on the other 


side 80 — 85 and 90%>. The two former figures, which 
were probably the result of incomplete isolation, occurred 
in the same group. The higher figures, however, were 
distributed over the offspnng of both grandparents. 

Obviously the mean value of 57% of the intermediate 
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race had been attained, and therefore I did not continue 
the culture. 

Silene inflata, Fig. 88. I obtained this race by pure 
chance. The stock plant was one of that series of fomis 
which I had taken into cultivation, during the course of 
many years, for the purpose of finding species in a mu- 



Fig. 87. Phacelia tanacetifolia. A Fig. 88. Silene intlata, A 
flowering sprig. whole plant. 


table state (Vol. I, p. 271). A single specimen which 
had come up from seed of weeds, accidentally imported 
with cereals into our harbor, was transplanted into my 
experimental garden. The seed from this plant produced 
a proportion of 3% tricotyls, and when it flowered again 
in 1893, one of 4%. The tricotyls of the first harvest 
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were planted out in the summer of 1893 and eight of 
them yielded an ample quantity of seed. In each lot, of 
from 200 to 1300 seedlings, I counted the percentage of 
tricolyks and found most of them to be distributed be- 
tween 2 and 15%, the highest numbers being 24 and 
32% (these latter amongst 1300 and 1060 seedlings re- 
si^ectively). The mean was 11%. 

Therefore the original plant obviously belonged to a 
tricotylous intermediate race, a fact which, however, was 
only proved by the behavior of its descendants. 

In the spring of 1894 I only planted out the tricotyl- 
ons offspring of a parent with 32%, and obtained 22 
])Iants which set seed. From these I obtained in the 
following year 22 hereditary values which were distrib- 
uted Ijetween 26 and 55% and reached a mean of 37%. 
1'here were three individuals with 54 — 55 and 55%. We 
see that the mean was higher than the corresponding 
value of the parent plant, and from this we conclude that 
regression did not take place in the direction of 0, but 
towards the other side; and this is exactly what should 
ha])|)en in the isolation of new races from their mix- 
tures. 

In the summer of 1895 I planted out tricotylous off- 
sjiring from the two parents with ; I kept them in 
two groups and determined their values from the har- 
vests of 31 individuals. There was no essential differ- 
ence l>etween the two groups; the numbers were dis- 
tributed between 26 and 73 and their mean was 53%. 
I'he mean had, therefore, reached the value of the parent, 
and the race could be regarded as an intermediate race, 
isolated but not yet subjected to selection. 

For the next generation I selected the tricotylous 
offspring of three plants with 66 — 68 and 73%. Of 



The Isolation of Tricotylous Intcrmedialc Races. 439 


these plants 25 set seed, but the culture was unsuccess- 
ful in this year, owing to adverse circumstances, and 
only a few of the plants produced more than 200 fertile 
seeds. The values, therefore, were not very exact, but 
formed a close group ranging between 18 and 56%, 
with a mean of 32%. It will be seen that in spite of the 
selection a general retrogression had taken place. 

Summary, If w^e look at the results of the experi- 
ments which have been described, we are struck by the 
fact that a certain group of hereditar)/ values appears 
much more commonly than others. These are the fig- 
ures ranging round 55%, and this value is usually 
reached at the conclusion of the second generation or, 
in less favorable experiments, at the conclusion of the 
third or fourth. With a view to emphasizing this fact 
I have grouped the whole series of experiments in such 
a way that the figures round 55% are brought together 
in one column: 


ISOLATION OF TRICOTYLOUS INTERMEDIATE RACES. 

HIGHEST HERF.DITAKV VALUES EXPRESSED IN PERC EN'I AC.ES tOR iUE 
SUCCESSIVE GENERATIONS. 



FIRvST GEN- 
ERATION 

1 

-50% 

ABOUT 

55% 

60-95% 

Antirrhinum majus . . 

1892 

7 

8 

25 

41 

79 

79 

— 

Mercurialis annua . . 

1892 

I 

0 

2 

55 

86 

92 

91 

Silene inf lata .... 

1892 

I 

3 

32 

55 

73 

56 


Cannabis sativa . . . 

1893 

I 

3 

15 

52-Ci3 

80 

90 


Clarkia pulchella . . . 

1895 

— 

I 

16 

64 

79 

— 

— 

Helichrysum bracteatum 

1895 

— 

I 

41 

51 

52 

— 

— 

Papaver Rhoeas . . . 

1895 


I 

20 

56 

75 

— 

— 

Phacelia tanacetifolia . 

1895 

— 

I , 

14 

58 

90 

— 

— 

Oenothera hirtella . . 

1895 

— 

iM 

8 

56 

89 

— 

— 


In this table the first column gives the year in which 
the experiments began, either with the selection of tri- 
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cotylous seedlings from seed which had been bought or 
obtained from some other source, or with plants which 
had been found by chance {Oenothera, Silcnc). Where 
necessary, this year is denoted in the table by I (first 
generation). The numbers which succeed each other in 
the row to the right of it refer to the first and the follow- 
ing generations. Thus for instance in Clarkia there were 
as many as 16% tricotyls in the harvest of the first gen- 
eration, 64 in those of the second and 79 in the third. 

The ])oint which this table is intended to illustrate 
is best brought out by a comparison with the series of 
figures given on page 392 for tlie half races. In that 
case, a selection continued from four to six years, did 
not bring this value, as a rule, further than 2 to 4%, and 
only in exceptional cases attained 15 to 20%. In this 
case, on the other hand, 55% is attained in two or three 
generations. In the half race a continuation of the 
selection wotild presumably not have led to any con- 
siderable increase, a fact which is demonstrated by the 
exi^eriments with Amarantiis and Scrophularia winch 
were continued over a longer period of time. In this 
case, however, selection is as a rule very effective, inas- 
much as it can increase the best representatives of the 
race, in a very short time, to a hereditary capacity of 
^*0 to 00%. 

'Pherefore there can be no doubt that entirely differ- 
ent factors are at work in these two cases. In the former 
there occurred only races with half curves on which se- 
lection has little effect. In this case, however, there oc- 
curred, Ixjsides these, the highly variable intermediate 
races which are extraordinarily susceptible to selection 
and to external conditions of life. They were easily 
isolated, either l>ecause one or more examples of them 
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were already present in the original sample of seed, or 
because between the intermediate and the half races hy- 
brids were met with, by the subsequent segregation of 
which the race was produced. 

In the first experiments the isolation of the tricotyl- 
ous intermediate race took from three to four genera- 
tions. Later when I started the experiments on a larger 
scale, the number was reduced to two years. Further 
selection brought it up, in one year as a rule, to 70 — 
SO^/o and sometimes even to 90%, either iiiiniediately 
in the course of another year, or after two generations. 
Unfavorable conditions of life led to exceptions, or even 
to retrogression; but only Helichrysnm and Silcnc ex- 
hibited this feature. Cannabis, Mcrcurialis and Antir- 
rhinum maintained a value of 80 — 90% under continued 
selection, and it is quite probable that even 100% might 
have been attained in occasional individuals. The mean 
figures of the whole group correspond, as a rule, to these 
maximum values. They maintained themselves at about 
55%, but are liable to be increased by selection or dimin- 
ished by unfavorable conditions. 

Lastly, it should be noted that the figures for these 
intermediate races are so far removed from those of the 
half races (p. 392), that all suspicion as to the j)ossible 
effect of occasional errors in the choice of the samples 
is excluded ; in other words, that hereditary values from 
1 to 5% or even of 5 to 20%, if they are maintained in 
spite of selection, may he regarded os characteristic of 
half races, zvhilst values of 40 to 60%, when found in 
separate crops, may be taken to indicate the presence of 
intermediate races. 

When an intermediate race is isolated from an orig- 
inal sample of seed, it is separated from the half race 
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which is also present, for hardly ever is the intermediate 
race found pure by itself. As far as I know, at least, 
there is no species of plants which has so much as half 
of its seeHlings showing three cotyledons, without being 
selected. If we study the process of separation by the 
statistical method, we find that two curves, a half curve 
with an apex at 0, and a bilateral curve with an apex at 
50 — 55%, can be distinguished from one another. Some- 
times in one or other of the transitional generations 
both curves can be more or less clearly seen side by side, 
constituting a so-called dimorphic curve. I have fre- 
quently observed this in these ex])eriments, and have, in 
some cases referred to it. 

Dimorphic curves of this kind are best obtained in the 
transitional generations by planting out dicotylous as well 
as tricotylous seedlings; for, as was mentioned before, 
it is very likely that many dicotyls will belong to the 
half race and most of the tricotyls to the intermediate 
race. But if the latter is once isolated, all the individuals 
1)elong to it, independently of the (piestion whether they 
have two or three or cleft cotyl<>dons. In this stage a 
dimorphism of this kind is no longer to be expected, un- 
less selection is continued in two different directions.^ 
As an instance of this let me cite, the case of my cul- 
ture of Mcrcuriaits annua in 1895 (see the table on page 
439), inasmuch as this species, l)eing dioecious, would 
l)e expected to exhibit a levelling of the differential char- 
acters. The plant with a value of .55% in 1894 could 
obviously have been partly cross-fertilized. Its offspring 
had in their seeds the following hereditary values; 


’ With rcK.nril to this question compare the .malogou 
ments wMtIi If^hauthus anuuus syncofyhus (IT, §IT). 


s experi- 
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r 81 

82 

86 


A. Tricotylous offspring 

1 72 

1 66 

74 

67 

76 

78 

1 

! 44 

48 

50 


1 

1 

35 

36 

40 

B. Dicotylous offspring -i 


22 

24 

25 25 

1 

[ 18 

20 



The group is therefore 

dimorphic, 

the 

iiitermediat 


race is not yet pure. ' 1 found tlie same conditions to 
obtain in other cases. 

In Clarkia pnlchclla also, the atavists reverted when 
sown in 1897 alongside the tricotylous culture already 
mentioned and from seed of the same parent. This 
parent already had a hereditary value of 64%, but was 
the first in this race with a high figure, and therefore 
still belonged to the transitional period. The values are 
arranged in groups of 5 to 15, 15 to 25 etc., and the 
number of individuals which fall into each group are 
given under the mean percentage number, i. e., 10, 20 etc. 

Proportion of tricotyls in percentage 10 20 30 40 50 60 70 80 
Number of tricotylous individuals 02588 12 3 1 

Number of atavistic individuals 4 13 911 0 2 — — 

The mean for the tricotylous individuals is 49%, for 
the atavists 30%. 

The race once isolated, the atavists obviously still 
have smaller values than the tricotyls; but the difference 
is never more than a small one, and the curve for the 
two races together will have only one ajxjx. In Oeno- 
thera hirtclla I examined a series of values of the atavistic 
offspring as well as the tricotylous offspring of the same 
parent of 1896 which had a value of 56%. This parent 
had been self-fertilized, the visits of insects having l^een 
excluded : and so were all its offspring. I shall group the 
values in the same way as above. 
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Proportion of tricotyls in percentages 10 20 30 40 SO 60 70 80 90 

Number of tricotylous individuals 1 611 14 10 1 

Number of atavistic individuals 1 0 4 3 10 1111 6 0 

Calculated for the whole progeny 1 0 4 4 19 27 32 21 1 

The average value for the tricotyls is 72% and of the 
atavists 60%, which latter figure is of itself high enough 
for an intermediate race. "I'he last row was obtained 
by means of a correction of the values of the tricotyls, 
since too small a number of these had been cultivated in 
comparison with the atavists. The whole curve is ob- 
viously monomorphic although much flattened. 

A curve with such a great amplitude indicates a cor- 
responding liigh variability and therefore also a consider- 
ablc susceptibility to external influences, as we have found 
in several instances to be the case with intermediate races. 

To this great amplitude also the fact is due that se- 
lection, however stringent, never quite eliminates the 
lower values. Even when the apex of the curve is be- 
tween 60 and 70%, values as low as 23% may still 
occur. In such cases the curve lias a ‘^sweep” to the 
atavistic side, and tlius differs most conspicuously from 
the curves of the half race, the sliape of which might be 
considered as its mirrored image; but as I shall come 
back to tliis point when I deal with syncotylous races, 
I shall not give any instances now. 

§ 7 PARTIAL VARTAHTLTTY OF TRICOTYLY. 

In experiments with tricotylous races the hereditary 
capacity or value is, as we have seen, the main character 
subjected to selection. This term indicates the numlx^r 
of tricotylous seedlings in the harvest. The seeds of 
each individual are saved and sown separately, and then 
recorded after germination. Whether the individual it- 
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self has two or three or merely cleft seed-leaves is a 
question of minor initx)rtance, and does no more than 
furnish a suggestion in starting the experiment. On 
the average, atavists and hemi-tricotyls are, without 
doubt, of less value in this respect thrn tricotyls and 
tetracotyls; but the differences are too small to warrant 
a choice of seed-parents on this gfound. 

The determination of the hereditary value depends, 
therefore, largely on the extent of the crops. The larger 
this is for any one individual, the more closely will the 
value found correspond to that which would be derived 
from an imaginary harvest, consisting of an infinite num- 
ber of seeds. Therefore, the best plan would be to make 
the plants grow as vigorously as possible, and to save 
the seeds of all fruits from as many branches and sprigs 
as possible. In practice, however, this cannot be done, 
since it is far more important to grow as many indi- 
viduals as possible in a given space. The mo*e numerous 
the individuals are, the more stringent the selection be- 
comes; and, what is far more interesting, at least in 
working with mixtures, the greater is the prospect of 
finding any desired particular sort. Unbranched, or al- 
most unbranched, plants with terminal inflorescences only, 
obviously need much less room than much branched in- 
dividuals; and larger harvests require relatively too much 
time to gather. The best plan, therefore, would be to 
collect only just so much seed from each individual as is 
necessary for sowing in the following year. 

These considerations suggest the question whether 
different groups of fruits are alike in regard to hereditary 
capacity or whether they exhibit, perhaps, considerable 
differences. Shall we find this capacity to be different on 
the branches from what it is on the main stem? Will 
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the earlier seeds give different values from those given 
by the later ones? Has the character of the year in 
which the harvest is made any such influence amongst 
perennial plants? Obviously these questions must be 
answered if the individual harvests are to be limited in 
the interest of the exi)eriment. 

In the last two sections of the first part of this vol- 
nme we have seen that semi-latent characters manifest 
a certain periodicity in their distribution over the plant, 
and also that the choice of seeds on the plant plays some 
part in the process of selection. The question is, how 
do the tricotylous races behave in this respect? 

The general rule seems to be that a bud. whether of 
a branch or of a flower, is more likely to reproduce an 
anomaly, the more vigorous it is (p. 324). Therefore 
with an increase in the degree of branching the expecta- 
tion of the occurrence of anomalies decreases (p. 329). 
'Pile first or lower fruits of an inflorescence will be 
stronger than the higher ones, and the fruits on the 
weak lateral sprigs <>f the primary and secondary branches 
may as well he thnnvn away 

There is no ground for su])p<^sing that the flower buds 
behave differently from tiie vegetative parts. The best 
instance (d the pheiKmiena in question is afforded by 
profusely branched specimens of the twisted race. Dip- 
sacus syk'rstris forstis. rhe torsion affects the middle 
])ortion of the main stem, but neither its upper nor lower 
extremity Tt is repeated on the strongest branches situ- 
ated on the middle of the stem, and on these only in 
their middle parts, and excluding the weaker ones. The 
stronger a stem or a branch is, the greater is the extent 
iff the twisted part. In the branches it is alwavs con- 
fined to single internodes, whereas the stem may fre- 
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quently be entirely transformed. Branches of the second 
order exhibit no more than traces of the anomaly. 

If we apply this instance to the distribution of tri- 
cotylous seeds on a plant, we should conclude that the 
lower part of the terminal inflorescence cf the main stem 
would produce the highest proportion of tricotylous seed- 
lings; but the flowers and fruits themselves are lateral 
branches, and so tlie question arises, iiow far we are 
justified in expecting this. 

In species like Oenothera and Antirrhinum, which 
have a primary inflorescence rich in flowers and in seeds, 
I have usually limited myself to this and, where possible, 
to its lower and middle parts. In Helichrysum to the 
flowerheads which open first, in Clarkia and Phacelia to 
as many of the earlier flowering branches as would pro- 
vide a sufficient quantity of seed, and so on. I'he question 
is whether these first fruits possess the same hereditary 
capacity as would be found from the largest number of 
fruits that could be gathered on the plant. 

With a view to determining this point I have insti- 
tuted a number of subsidiary experiments. The answer 
has been in the affirmative throughout. Certainly there 
are small differences; these, however, seldom fall out- 
side the latitude of 5% which is the limit of observational 
error. I shall now present the results of these experi- 
ments in a condensed form. 

A first experiment was conducted with Oenothera 
hirtclla, which fertilizes itself in parchment bags with- 
out artificial aid. In the summer of 1898 I planted out 
seven tricotylous seedlings of one parent with a heredi- 
tary value of 66% at distances of about a meter apart, 
allowed them to branch freely and to develop into vig- 
orous plants, enclosed the flowers in parchment bags and 
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harvested and examined the seeds for each individual 
branch separately. Only slight differences were pre- 
sented by the values obtained, and I shall therefore only 
give themieans. I determined the values of the inflores- 
cences of the main stem and found the average to be 
38% ; for the strong lateral stems produced from the 
axils of the rosette (see Fig. 55, Vol. I, p. 302) F found 
it to be 45%; for the upper branches of the stem (see 
Fig. 49, Vol. T, p. 282), however, 47% (calculated from 
24 determinations), and for the lower branches of the 
stem, which in Lhis species tend to be very much weaker, 
52% (in eight counts). The distribution of the differ- 
ences, therefore, was different from what would have 
been expected. They show that in this case, the harvest 
from the primary inflorescence gives a somewhat lower 
value than the whole harvest of the plant in question 
would have given. In Dracocepluilmn moldavicuw, where 
the values are always small, I collected, in the summer of 
1895, the seeds of all specimens from the main stem and 
lateral branches separately, but found no difference (0.4% 
for both). In Amarantns spcdosus the seeds from the 
terminal panicle regularly gave scanewhat higher values 
than those from tlie lower branches, but with verv slight 
differences only (1892). The average calculated from 
20 plants was 2.8% for the former and 1.7% for the 
latter. 

In many of my experiments T have saved the seeds 
which ripened first, separatelv from those which ripened 
later: e. g., Awaranius speciosits, Scrophularia nodosa, 
Mcrcurialis annua. Antirrhinum majus, Silenc inflafa, 
and others. No differences of any importance were 
found in this way. Deviations are sometimes found in 
larger series, but only .such as can be attributed to the 
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unavoidable errors in the samples of seed. In Mcrcu- 
rialis annua I have foi sev viral years recorded the seed- 
lings which came up from the first seeds that fell cnit 
on the bed. In this species, as is well known, the fruits 
open suddenly and scatter their seeds about. These counts 
gave essentially the same results as those obtained later 
from seeds harvested and sown by hand. I often made 
use of them to obtain a preliminary idea concerning the 
extent of the improvement to be expected. 

My custom is to limit the separate harvests to the 
desired quantity of seed, by cutting back during the 
period of growth, and by stopping the saving of seetl as 
soon as a sufficient quantity has been secured. For this 
purpose I have estimated this amount from the result 
obtained in the first generation, in the case of each species. 
Moreover I have frequently compared such gatherings 
with niucli more extensive ones, obtained either by not 
cutting the plants back or by not ceasing to save the seed 
before all of it was ripe. In tin’s way /hnarantus spc~ 
ciosus often gave higher values from a smaller harvest, 
but the differences were slight and the excc])tions many. 
Cannabis sativa gave the same values from large ])lants 
bearing more than 100 cubic centimeters of seed each, 
as from average or weaker individuals. In such large 
crops, saved without limitation and amounting to 80 — 
110 cc. of seed the average was 11%, but in crops of 
20-^35 cc. it was 14%. The cultures were made in 1894 
and the same happened in other years. In Oenothera 
rubrinervis the value was seen to decrease as the size 
of the harvest increased, but only in degrees of one-tenth 
per cent, on the average, amongst numerous individual 
trials. The same occurred in Scropludaria nodosa. 

This latter species, as well as Silcnc inflata, is a per- 
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ennial form ; and therefore both of them afford material 
for comparing the harvest of the same plant as produced 
fn successive years. Here again I failed to find differences 
of any ''significance. I have given above the values de* 
rived in 1892 and 1893 from a single plant of Silene, 
which flowered in isolation; they were 3 and 4% for 
these two years. In Scrophularia I made a series of ob- 
servations at the beginning of my cultures when the hered- 
itary values were still small, and repeated them in the 
i:)eriod of 1896-1899, when they had become higher (15% 
and mote). In these years, 1897, 1898 and 1899 six 
plants gave the following values, the bracketed number 
referring to the second year: A 22 (25), B 25 (17), 
C 22 (17), D 23 (25), 27 (25), F 23 (22). Ob- 
viously these figures do not justify a conclusion as to any 
diminution or increase in the ratio in which tricotyls are 
produced. 

"Die result of all of these exj>eriments is such as to 
justify my practice of limiting the individual harvest to 
the quantity of seed necessary for sowing. 

§ 8. THE INFLUENCE OF EXTERNAL CONDITIONS ON 
TRICOTYLY. 

Which seeds in a fruit produce aberrant seedlings? 
This question is at once one of the most simple and one 
of the most difficult presented by experimental breeding. 
If some day we could succeed in solving it and thereby 
make a control of this process possible, much light would 
l)e thrown on a whole series of phenomena connected 
with the origin of races. 

In dealing with this question we are thrown back 
on egg cells and pollen grains and the problem at once 
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becomes a double one. To these is added a third factor, 
namely the union of the two ^enii cells, which may itself 
be influenced by outward conditions in different ways. 

I have gone into the questions only so far as was 
necessary for the choice of the conditions of my experi- 
ments. The course of these has, as a rule, been very 
regular. The results of selection seldom have been dis- 
turbed, to any great extent, by other influences. Some- 
times, however, this did obviously occur ; ai.d it is exactly 
experiments of this kind which justify us in rscribing 
an important part to external conditions in the determi- 
nation of the proportion of tricotylous seedlings. But 
when, from these facts, we proceed to analyze this in- 
fluence, we do not succeed in making experiments in 
which the same influences have the same results. 

Two instances will suffice. Under very peculiar con- 
ditions which affected the whole growth of the plant, 
the hereditary capacity of my race of Amarintus spc- 
ciosus suddenly rose, in 1891, from 4.5 to 13%, with- 
out, however, maintaining that proportion even under 
selection (p. 407). On the other hand, in the summer 
of 1896 the whole culture of Silcnc inflata underwent 
considerable deterioration as the result of unfavorable 
conditions, the mean of all values falling from 53 to 
32%. One year may obviously affect the plants quite 
differently from another, even when the treatment to 
which they are subjected is as uniform as possible. The 
effect is perhaps produced in the early ‘Stages of the plant, 
l^rhaps also in the development of the sexual cells and 
at the time of fertilization. Abundant starting-points 
for further investigations may here be found. 

As a rule the likelihood of obtaining anomalies in- 
creases with the vigor of the seeds which produce them 
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(p. 332). It is natural to inquire, therefore, whether this 
vigor of the seeds can be increased by improved nutri- 
tion of the plant. Unfortunately we must, in such cases, 
be content with averages, and these obviously give much 
smaller differences than the single extreme cases. Some- 
times I found that the external conditions exerted a con- 
siderable influence, but, as a rule, I could not detect any 
difference. 

In the first place I shall refer to the effects of manu- 
ring. The prevailing opinion is that manuring with ni- 
trates favors the development of leaves, but that phos- 
j)hales favor flowers and fruits. As a nitrate manure 
I employed horn-meal combined with dried guano and 
as i)hosphate manure the ordinary super])hosphate ; but 
I find that the former usually produces more abundant 
flowering and a larger harvest of seed than the latter. 
In 1899 I instituted a comparative experiment with Oeno- 
thera liirtella by planting out the seedlings of a single 
self-fertilized plant. During the period of flowering each 
inflorescence was guarded fiom tlie visits of insects by 
a ])arcbment bag. Tlie nitrate plants grew more rapidly 
and luxuriantly at first than tliose on the phosphate bed. 
Moreover they began to flower somewhat earlier, and 
conse(|iiently set more seed; for fertilization must be 
stopped before all the flowerbuds have opened, since in 
our climate flowers which open in September have not 
time enough left to ripen their seed. 

The harvest for each individual plant was examined 
separately, and from this was calculated, in the way we 
have so frequently descril)ed, the percentage value for 
each plant. In the fidlowing summary these are ass )ci- 
ated in groups of from 15-25, 26-35, 36-45; the means 
of the groups being 20, 30, 40 etc. 
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HEKBDITAKY VALUES IN OENOTHERA HIRTELLA IN 1899. 
Percentage values 10 20 30 40 50 60 70 80 90 

After manuring with nitrates 08 17 12 95 22 1 

After manuring with phosphates 129 14 78 5 1 1 

The number of individuals in the first experiment is 
56, in the second 48; average har\cst per plant, 3.5 and 
2.5 cc. The seed v/as collected from the ternnnal spike 
only. The mean value for the nitrate plants was 37%, 
for those manured with phosphates, 44% The parent 
of all these plants had liad a value of 66%. 

Manuring with superpho.sphate has therefore, in this 
case, in an otherwise uniform culture, been more favor- 
able to the production of tricotylous seedlings than ma- 
nuring with hornmeal. 

I found exactly the same result in the same year with 
HclichryKmm bracteatum. I planted out tricotylous seed- 
lings only of a single parent with 1 1 %». I determined and 
arranged the values as before and found: 


HEREDITARY VALUES IN IIELICHRYSUM BRACTEATUM IN ]899. 


Percentage values 

10 

20 

30 

40 

50 

Mean 

After manuring with nitrates 

2 

22 

18 

5 

1 

26% 

After manuring with phosphates 

1 

5 

20 

11 

2 

32% 


Number of individuals 48 and 39. The growth on 
the nitrate bed was very luxuriant ; the leaves were dark- 
green, and the flowei's abundant. On the j)hospliate bed 
the plants were yellowish-green, very little branched, and 
with fewer ripe flowerheads. Indeed, only 39 of the 
50 plants which had been set out set sufficient seed. 
Results as definite as these are not, however, always 
obtained, especially when a comparison is instituted not 
between individual plants raised from seed, but between 
the various parts of a single individual obtained by di- 
viding it. I conducted such an experiment with Ocno- 
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ihcra (Kneiffia) glauca in 1899, but counted 5% tri- 
cotyls, both on the phosphate and on the nitrate half, 
i obtained the same result in Scrophtdaria nodosa by 
growings one half in ordinary garden soil and the other 
in sand, both yielding 1% (1894). 

The two first exi3eriments on the influence of manure 
show that an increase in the numl^er of tricotyls is as- 
sociated with a diminution of the yield. The same result 
can also be obtained if the harvest of the individual plants 
is reduced in other ways. In Oenothera hirtella I adopted 
two methods of doing this, late sowing and culture in 
])ots throughout tlie whole summer. Tricotylous seed- 
lings of a single j)arent (with 66%) were planted out. 
In one of the two groups the sowing had taken place in 
March, in the other at the beginning of May (1898). 
Some plants of the former sowing were kept in pots of 
15 centimeters filled with well-manured garden soil 
throughout the whole summer. Fertilization took place 
in parchment bags and the individual crops, recorded and 
evaluated in the usual wa}\ ga\'e the fidlowing result : 

HEREDITAKY VALCES IN OENOTHERA lUKTELLA IN 1898. 
Percentage values 10 20 30 40 50 00 70 Mean 

Normal culture 1 4 4 3 5 0 1 37 Cv 

After sowing iu May 0 0 10 14 11 1 0 41 % 

After culture in pots 0 0 3 5 7 4 0 47% 

Number of plants e.xj)eriniented with 18, 36 and 19. 

We see therefore in this case a definite though small 
increase in the numlx^r of tricotyls. d'he mean of the 
harvest for the normal culture was 3.5 cc., for the late 
culture 2.5, for the pot-culture 4.5 cc. This latter had 
therefore not had the exjiected result of making the 
yield smaller, and as, nevertheless, the proportion of 
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tricotyls has increased, is plain that the factors under- 
lying these differences are hy no means simple. 

This is further shown by the fact that a repetition of 
the experiments does not always produce the same result. 
Thus in Amarantus spccios^is 1 1897), and Scrophuloria 
nodosa (1898), I vvas not able to observe any influence 
exerted by the varicnis external conditions on the propoi - 
tiou of tricotyls, although the exixirin^ents were carrieil 
out on a large scale. I also found that if i sowed sank 
pies from the same lot of seed in two successive years, 
the mean ratio of tricotyls in the harvest of the two 
cultures was the same, (e. g., Oenothera hirtella, 1898 
and 1899). 

Moreover, unfavorable conditions can sometimes, by 
diminishing the yield, lead to an increase in the j^er- 
centage values. 1'his is shown by an experiment which 
1 made in 1898 with Antirrhinum majus. I covered half 
of my culture with a cage made of fine metal gauze 
painted black, after the plants had developed a stem of 
10 centimeters above the cotyledons. Within the cage 
it was considerably darker than outside, and the plants 
grew very weakly, produced only few branches, and de- 
veloj)ed but a small number of flowers and fruits on the 
terminal spikes. Fertilization was artificial, and all the 
plants were guarded from the visits of insects. The 
yield in the cage was 0.5 cc. per plant, and outside 1 cc. 
per plant. In the former case as many fruits as possible 
were gathered but in the latter the upper flowers of the 
spike were not fertilized. The material used in this 
experiment consisted exclusively of the offspring of a 
single parent of 1897 which had had a value of 14%, 
but tricotylous and dicotylous seedlings were both used, 
each group being planted half within the cage and half 
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outside. I collected the seeds and determined the values 
in the same way as usual, and obtained the figures which 
appear, in the following summary : 


HEREDITARY VALUES IN ANTIRRHINUM MAJUS. 


Percentage values 1-4 10 20 30 

Dicotyls in the shade 0 4 2 2 

Dicotyls in the sun 5 8 4 1 

Tricotyls in the shade 0 3 2 3 

Tricotyls in the sun 1 14 9 — 


40 

2 

4 

4 


Mean 

20 % 

14% 

35% 

14% 


Number of seed-parents 10, 21, 12 and 24. 

We see that in both cases the proportion of tricotyls 
was considerably increased by cultivation in the shade. 

The experiments which we have passed in review in 
this section prove that the proportion of tricotyls in the 
offspring may be considerably modified by external in- 
fluences, especially in eversporting varieties, but within 
certain limits. The differences are such as cannot be 
neglected in comparative experiments and cultures, and 
show the importance of carrying out the latter under as 
constant conditions as possible. In general it must be 
assumed that a treatment, favorable to the individual 
flowers and seeds, will increase the production of tri- 
cotylous seedlings, but the question as to the nature of 
this relation in the individual cases must, for the present, 
remain unanswered. 



TI. SYNCOTYLOUvS RACES. 

§9. HEMI-SYNCOTYLY, SYNCOTYLY, AMPHI-SYNCOTYLY. 

Alongside seedlings with split or double cotyledons 
there occur others, the seed-leaves of which have fused 
so as to form one single organ. They are, however, much 
rarer, but not so rare that they cannot be found every 
year, at least in some sowing or other. Tricotyls may 
be found in the proportion say, of one in a thousand, 
but syncotyls, as a rule, only one in tens of thousands 
of seedlings. 

In the sowings of 1895 which we have already men- 
tioned (p. 380), I found, amongst more than 250,000 
seedlings of 40 species, only 10 syncotyls as against 150 
tricotyls. Where they occur more abundantly this is due 
to inheritance, for as soon as the syncotyls are allowed 
to flower in isolation and their seeds are saved separately, 
it is found that they inherit their character in almost the 
same degree as do tricotyls. 

Instances of syncotyls were afforded me by Aster 
tenelhis, Clarkia elcgans, C. pulchella, Ccrinthe gym- 
nandra. Chrysanthemum Myconis, Pelichrysum hractea- 
turn, Phacelia tanacetifolia, Silene hirsuta, Anagallis gran- 
diflora, Epilohium hirsutum, Hesperis matronalis, Pent- 
stem on gentianoides, Robinia Pseud- Acacia, and many 
other forms but always in small proportions. A few 

* Further instances are given by H. B. Gauppy, Irregularity of 
Some Cotyledons, Science Gossip, N. S., Vol. II, 1895, P* 
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species, however, produced them more abundantly. Among 
these were the following which produced the proportions 
of syncotyls from the seeds of single individuals, indi- 
cated by the attached figures: Oenothera (Kneiffia) 
glauca 16% (Figs. 89 and 90), Picris hieracioides 8%, 
Valeriana alba 3%. Dahlia variabilis and Sycios angti- 
lata were also found to be rich in syncotylous seedlings. 



Fig. 89. Oenothera glauca, A plant which produces an 
abundance of syncotylous seedlings. 

and in C entranthns macrosiplion I found 37% of them 

amongst the seeds of a single syncotylous plant. ^ 

By syncotyls we mean, in the strict sense of the term, 

those individuals whose seed-leaves are completely, or 

almost completely, fused together along one side. Smaller 

degrees of fusion are called hemi-syncotyls, and they 

constitute an uninterrupted series between normal di- 

^ Eine Methode, Zwangsdrehungen aufsusuchen. Ber. d. d. hot. 
Ges, Vol. XII, 1894, p. 25 
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cotyls and types in whi^h the fusion has extended to tlie 
very tip. The lessei degiees of fusion are usually rarer 
than the greater, and, therefx:)re, in order to get a fairly 
complete series of transitional forms, cultures from the 
seeds of selected individuals ;-re required. It is often 
very difficult, especially in forms. with stalked cotyledons, 
to distinguish between the lowest grades of fusion and 
pure dicotyls. If the crops are recorded before the 
cotyledons and their peduncles have grown to their full 
extent, it may easily happen that occasional seedlings, 



Fig. 90 Oenothera glauea. Syncotylons seedlings. A and 
B, ordinary syncotyls ; C and D, pitcher-shaped .syncotyls 
or aniphi-s>ncotyl.s. 


which, after further growth, will prove to b hemi-syn- 
cotylous, are mistaken for dicotyls. 

The hemi-syncotyls constitute the minus variants of 
the series, the corresponding plus variants being the 
amphi-syncotyls of double or two-sided syncotyls (aniphi- 
cotyls). In these latter cases the cotyledons are fused 
on both sides, often more on one side than the other, 
sometimes equally high on both sides. The cotyledons 
constitute a pitcher (Fig. 90 C and D, and Fig. 91) 
which is either cylindrical or um-shaped or disc-shaped, 



460 


Syncotylous Races. 


according to the breadth of the cotyledons on the normal 
plant. I found instances of these remarkable and pretty 
structures almost every year in Helianthus annuus syn- 
cotyleus and in larger numbers in Mercurialis annua and 
Centranthus macrosiphon, ^ and also occasionally in An- 
tirrhinum majus, Sinapis alba, etc. 

The fusion of these cotyledons sometimes results in 
a pressure being exerted on the plumule and interfering 
with its growth, and we often find that syncotyls grow 
slower than normal seedlings, at least at first, and that 




Fig. pT. Raphanus Raphanistrum. A cotyl pitcher ex- 
panded in the form of a disc. A, from the side; B, the 
same, seen obliquely from above and showing the plumule. 

amphi-syncotyls are especially backward. The extent of 
this influence cannot, as yet, be measured; but the fact 
that syncotyls are so much rarer than tricotyls may per- 
haps he explained by this check on their growth. Some- 
times the plumule breaks sideways through the cotyl- 
pitcher by splitting its lower part (Centranthus macrosi- 
phon, Mercurialis annua) . Sometimes it succeeds, although 
very late, in elongating in the normal direction. In 
Helianthus annuus I have sometimes operated upon such 
* Figured in Bcr, d. d. hot. Gcs., Vol XTI, PI. IT, Figs. 3 and 4. 
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])itchers by splitting them up along one side with a sharp 
knife, as soon as I saw that the plant would not grow 
without this help. By this means I succeeded in bringing 
the plants to flower, but they were weak, thin-stemmed 
individuals. 

The growth cf the plumule is often entirely s is- 
j^ended, both in ordinarj^ unilateral syncotyls and in 
pitcher-like structures. In such cases the seedlings live 
much longer than usual, the cotyledons grow to a great 
size, often twice the normal, but finally the plant dies 
without producing a stem. This occurred freipiently 
in Hclian^hits aunuus and Dahlia x^ariabilis, and less often 




Fig. 92. Polygonum Convolvulus. Instances of tri-syn- 
cotylous seedlings with various degrees of splitting and 
fusion. 

in Penstemon gentianoides and Cannabis sativa. In the 
two latter species one or two leaves were sometimes de- 
veloj)ed, but after that the terminal bud ceased to grow, 
whilst those leaves attained an abnormal size and thick- 
ness (Fig. 93). In such cases the question arises whether 
the inhibition of the growth may not, both here and 
elsewhere, have some other cause also. 

Syncotyly may be combined with tricotyly, and since, 
as we have seen, the fluctuating variability of hath pre- 
sents a long series of forms, the multiformity will 
much greater still in the series of the so-called tri-syn- 
cotyls. Thus, for instance, in Polygonum Convolvulus 
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(Fig. 92), and also in Chenopodium album, Thrincia 
hirta, etc. 

Between syncotyly and disturbances in the normal 
arrangement of leaves in the later life of a plant, there 



Fif(. g3. Cannabis sativa A, a seed- 
ling which unfolded its coi>ledons 
Ml April, hut up till June had formed 
no plumule; B. another with two 
abnormally large and thick first 
leaves, the terminal bud of which 
underwent no further growth. Both 
are from a culture, m the remain- 
ing seedlings of which the length 
of tile stem had become 10-20 centi- 
meters during the same time ( 1894) 



Fig 94. Fagus sylvatica 
Syncotyloiis seedling with 
much elongated*epicotylous 
internode and abnormal 
development of the plu- 
mule. 


is a close connection, as there was in the case of tricotyly. 
Frequently this disturbance is only a small one (Fig. 94) ; 
but in si^ecies with a decussate arrangement of the leaves 
or at any rate of the first leaves, there often follows on 
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the syncotylous organ a node with only one leaf, which 
then usually stands opposite to this structure. I have 
frequently observed such cases in Merctirialis annua 
(Fig. 95) and Hclianthus annuus.^ Further disturbances 
ma/ then follow, such as nneq la! size of the two leaves 




95- Merctirialis annua Syncotylous seedlings A and 
liemi-s>ncotyls with normal arrangement of leaves; 
C and 1 ), completely syncotylous; the first leaf is single 
and opposite the cotyledon. 


t)f a pair, leaves with two apexes, and in the same cul- 
tures such even occur not infrequently immediately above 
the cotyledons. 

Not infrequently spiral torsion and fasciation occur 

‘ Over de erfelykheid van SynHsen. Rot. Jaarboek, Gent, 1895, 
Plate IV. 
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after syncotyly.* I found the former case, for instance, 
in Anagallis grandiflora, Collinsia hcterophylla, C. grandi- 
flora, C. bicolor, Scabiosa atropurpurea, Centranthue 
tnacroSiphon, and very abundantly in Mercurialis annua 



Fig. 96. Mercurialis annua, A lateral branch with spiral 
torsion. All the leaves of the twisted region are situated 
on one side of the stem. 


(Fig. 96). Fasciations also occurred in the latter and 
several other species, especially in Helianthus annuus. 
Moreover, pitcher formation seems often to be associated 
with syncotyly, either on the same individuals or amongst 
^Ber. d, d, bot, Ges„ Vol. XII, lac. cit. 
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other individuals of the same culture (Fig. 97). As in- 
stances I mention Mercurialis annua, Anagallis yrandi- 
flora, Antirrhinum majtts, Fagus sylvatica, Polygonum 
Fagopyrmn, Spinacia oleracca and Raphanus Raphanis- 
trum,^ 

Syncotyly is a heritable anomaly; if we isolate \he 
stray syncotyls we will find the phenomenon repeated 


t 

Fig. 97. Coriandrum sativum. A, a flowering sprig; B, a 
hemi-syncotylous seedling; C, a dicotylous seedling from 
the same culture, whose first leaf is transformed into a 
pitcher (189^). 

amongst their offspring; as for instance in Valeriana alba 
(1892, 3%; 1893, 6%). Moreo\er the seeds of non- 
syncotylous individuals from the same crop may repro- 
duce the syncotyly; as for instance in Amarantus specio- 
sus, Polygonum Convolvulus, Scrophularia nodosa, etc.^ 

^Kruidkundig Jaarboek, loc, cit, pp. 172-177. 

* Kruidkundig Jaarboek, loc. cit, p. 159. 
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III the spring of 1894 I planted out into separate beds 
some syncotyls and amphi-syncotyls from my tricotylous 
intermediate race of Mercurialis annua, which produces a 
large number of syncotyls every year. There were three 
female plants and some male ones. Saved separately, their 
seeds produced 4, 19 and 24% syncotyls, amongst which 
hemi-syncotyls and amphicotyls appeared in considerable 
numbers. There is fittle doubt that I would have suc- 
ceeded in isolating the syncotylous intermediate races 
from Mercurialis (with 24%) as well as from Centran- 
thus (with 37%), and also perhaps from Picris (8%) 
and Falcriana (6%) ; but the difficulties, due mainly to 
the retarded growth of the plumule, have led me to limit 
my experiments in this direction to a single species, 
Hclianfhus annuus. 

§ 10. IIELIANTHUS ANNUUS SYNCOTYLEUS.i 

As early as 1887 I found a syncotylous race of the 
ordinary sun-flower and isolated it immediately. Since 
then 1 have grown this race for ten generations. It has 
always been extremely variable, both in the extent of 
the fusion of the cotyledons and in the percentage num- 
ber of syncotylous seedlings. On the other hand it has 
proved ])erfectly constant and immutable. 

Vov instance, every effort to bring it to a unifonn 
condition, free from atavists, or, on the other hand, to 
reduce it to the corresponding half race, has failed, in 
spite of the most stringent selection. Therefore we have 
here as good an instance of a constant type, which, in 
its visible properties merges into other races, i. e,, is 
transgressively variable, as was furnished by the best 

* Over de erfelykheid van Syntisen, Kniidkundig Jaarboek, i8q 5. 
pp. 136-142 and Plate IV. See also the same journal, 1894. 
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tricotyloas strains. Whether from this a pure, almost 
unvariable syncotyloas race can be raised, which would 
no longer be an intermediate race, but show to this the 
same relation as that between the atirea varieties and 
variegated plants (see p. 21) is a point on which we 
are at present completely in the dark. 

As already stated, I found my race in the year 188/ . 
At that time I had sowed a large quantity of seed of 
Hclianllms aunuus, obtained in excliange from different 
IxHanical gardens, and found 18 syncotyls amongst 500 
seedlings. I planted out these only, d'liey flowered to- 
gether, but the seeds of each individual were saved, sown 
and examined separately. In 17 lots the proportions of 
syncotylous seedlings were distributed between 1 and 
15^/ , and in the case of only one of them it was 19%. 
Idle latter plant had had its cotyledons fused up to their 
ui)per margin and was selected as the basis of my race, 
'riie offspring of the otlier plants were not grown, and 
moreover from this selected individual only syncotylous 
seedlings were chosen for further cultivation. 

"fhese flowered together and were left to be pollinated 
by insects. This is apparently necessary In this species, 
or at any rate in my race of it, because isolated indi- 
viduals fertilized with their own pollen, either artificially 
or by humble bees, set no seed. In the later generations 
the seed has always been collected separately from each 
plant, and in the following spring sown with a label 
hearing the number of the parent, and examined. In 
this way I obtained hereditary values for each single 
plant. ^ The seeds are large and few plants produce as 
many as 300 seedlings, so that the values are not so 

' This rule holds without exception, and therefore T shall not 
mention it in the description of the experiments which are to follow. 
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accurate as those calculated from more extensive crops. 
Nevertheless they fall into definite groups, so that this 
source of error may be neglected. 

In the harvest of 1888 it was at once evident that 
the race had been obtained in its pure state by the selec- 
tion carried out in the foregoing year. Twelve jJants 
set an abundance of seed ; 9 of them had from 30 to 55% 
syncotyls, whilst the remaining three parents had 76, 81 
and 89^^ 1 in samples of 121, 275 and 128 seedlings. 
Of course the plant with 89% was chosen for the con- 
tinuation of the race. 

It was important to find out whether, if these three 
high values had not been found, the remaining parents 
would have given the same result. For this purpose I 
made a subsidiary culture in 1890, and chose for this 
purpose the syncotylous seedlings of a parent with 51%. 
They ])roduced 23 seed-parents of which the values were 
distributed evenly between 24 and 91% with a mean of 
55%. The four highest numbers were 77, 79, 84 and 
91 . The result can therefore be reached also by an 

indirect way, as the following scheme shows at the first 
glance. 

ORIGIN OF THE SYNCOTYLOUS EVERSPORTING VARIETY OF 
HELIANTHUS ANNUUS 

HARVEST OF 1887 1888 1889 

Hereditary values of the best parents jg j 89 81 

in percentages i 51 ^91 

In order to consider this fact in combination with the 
figures found for the tricotylous races, we must compare 
it with the table on page 439. Into this table the experi- 
ment with Helianthus could be inserted straight away. 
On tlie one hand it confirms the exjiectation, which that 
table justified, of finding a value of 55% in the second 



Helianthus Annuus Syncotyleus, 469 

generation ; on the other it shows that this can sometimes 
be passed over, inasmuch as in a fortunate case the high 
value of 80-90% muy be directly attained ; notwithstand- 
ing that this never appeared until after the 55% stage 
had been reached in the specie*^ dealt with in that table. 
When I repeated the experiment described for iny tri- 
cotylous race of Helichrysnm bracieatum, I had to pass 
through several generations before reaching the hereditary 
value of about 50%, and this also shows that in different 
cases the same value may be reached by means of dif- 
ferent numbers of generations. We may therefore con- 
clude that the isolation of a syncotylous race takes place 
according to the same scheme as that which has been 
found for the tricotylous intermediate races. 

The general statements on page 17 of this volume 
and elsewhere relating to the isolation of eversporting 
varieties, and the apparent increase in variability, by 
which we explained the isolation of the nve-leaved red 
clover, find an experimental confirmation in the present 
instance. The new race departs rapidly from the type 
of its species, but only because it is approaching its own 
new type. 

Into the group of figures given on the preceding 
page I have inserted a value for 1889 relating to the 
first-mentioned line of my race. It would take me too 
long to describe the subsequent generations singly, but, 
as is very important in the culture of such forms, they 
^vere treated in the same way eve. year. I shall there- 
fore give the pedigree of the whole culture on the fol- 
lowing page. 

In this summary I have written at the top the per- 
centage number of syncotyls in the crops in such a way 
tliat the single numbers have been associated into small 
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groups ; thus 48 signifies the values from 46 to 50% ; 
53 the values from 51 to 55%, etc The numbers which 
occur in a vertical line below these figures give the 
number of individuals for each generation with the hered- 
itary value indicated by the upper figures. The barb 
in the bracket, l^elow one of the values for a generation, 
denotes the character of the parent plant, that is to say, 
that plant whose ofifspring alone constituted this gen- 
eration. 


HELIANTHUS ANNUUS SYNCOTYLEUS. 


PEDIGREE OF THE SYNCOTYLOUS EVERSPORTING VARIETY. 

Under Selection of the Individuals with the Highest Hereditary Value. 



HEREDITARY 

VALUES IN PERCENTAGES. 


19 

25-40 

48 1 

53 1 

58| 

63 1 

68| 

74 1 

78 1 

83 1 

88 

|93! 

98 

9th generation 



1 

1 

3 

8 

4 

1 

2 




1896 











r 


8th generation 





1 

2 

5 

2 

4 

7 

1 

3 


1895 










1 



7th generation 



1 

1 

0 

1 

1 

1 

1 

1 

2 

0 

1 

1894 












1 

6th generation 







1 

2 

3 

8 

9 

5 

1892 







' 





j 

5th generation 








1 

2 

2 

11 

1 

6 

1891 

i 












4th generation 





1 

0 

1 

2 

4 

8 

1 

15 

1 

1890 









i 




3d generation 

2 

1 

0 

0 

1 

1 

0 

0 

1 

2 

1 



1889 

2d generation 

2 

2 

5 

0 

0 

0 

0 

1 

1 

i' 

1 




1888 


1st generation 1 
1887 I 

The pedigree shows that from an original plant with 



Helianthns Annuus Syncotylcus. 


471 


a value uf 19% a race with values ranging I>etween 50% 
and 89% arose iranediately, and that this value was 
fairly constantly nnintained under continued selection. 
Some low values (25-50%) still occurred in the first 
two generations which follow'^d the original plant of 
i887, but they have not occurred since. The liigh^st 
values attained in the vanous yea‘*s deviate but little; 
the deviations lying well within the probable error of 
observation, or due to occasional dilTerences between the 
climates of the succeeding years. The hereditary values 
of the parents selected each year were as follows: 


HARVEST or 1887 1888 1889 1890 1891 1892 1894 1895 1896 
Values of the patent 19 39 gj 94 97 gg gg 93 93 
plants m percentages 


In some yeais the parent was not die individual which 
])ossessed the highest value. This was due to the fact 
that w'hen the differences in the values are small it may 
he necessary to pay attention to other circumstances also 
and esjiecially to reject weak individuals, or such as 
tlower too late, or set little seed, or happen to be fas- 
ciated. 

Tlie choice of a jKirent must further be left to chance 
ill groui)S of e(|ually good plants with pr^ictically the 
same hereditary values: localise sunflowers are too large 
to permit of diminishing the elements of chance by dou- 
bliiig tlie principle of the selection l)y the application of 
the method of selection by grandparents (see p. 385); 
hut, as it happened, I was mostly foUunate in my choice, 
with the exception of the last year in which the mean 
.sank from 85% to about 68%. 

My race is not to be regarded as a normal eversport- 
ing variety but as an improved breed within it. Instead 
of selecting parents with 80-90% and over I could have 
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used the plants with a mean value (say 50-55%) for the 
continuation of the culture. But then I would have ob- 
tained a non-selected strain, and the figures for the first 
two generations following on the original plant, clearly 
indicate that this mean would have been about 50-55%, 
which is also, as we know, the mean value for tricotylous 
intermediate races. 

The figures given in the pedigree do not present a 
complete picture of the whole improved race, for in each 
year the hereditary value of the best offspring alone was 
determined. Dicotylous seedlings and those with a low 
degree of fusion in the seed-leaves were excluded from 
further cultivation, as were also weak plants. If I had 
not applied this selection, the mean values would ob- 
viously have turned out somewhat lower; but the differ- 
ence would not have been a very considerable one, as the 
next two sections will show. 

I'he chance of obtaining a pure syncotylous progeny, 
i. e., a crop without dicotylous seedlings, may appear 
to be very great in this exjieriinent. In 13 individual 
crops 96% and over was reached. But appearances 
are deceptiv^e. Only once did I have a perfectly pure 
crop (100%) and that even at the outset of my experi- 
ment, in 1890; but this plant had produced only 105 fer- 
tile seeds; and of course we must acknowledge the possi- 
bility of some stray atavistic seedlings occurring amongst 
them if the harvest had been larger. In other words, 
selection leads the race as close as possible to the highest 
degree of purity, without, however, enabling it to reach 
it. Moreover, the table shows at a glance, that the pro- 
geny of the plant with 100% would probably have fallen 
l)ack from this high value, in the case of many of its 
offspring at any rate. 
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If all the seeds of a single head are planted out in 
groups according to their degree of syncotyly, very little 
differences will be Leen in the results. Atavists and seed- 
lings, in which the fusion extends less than half way up, 
give a progeny the value of vhich is, on the average, 
somewhat lower, but only if we fix our attention on the 
ijiean values, and not if we compare the single individ- 
uals. Many an atavist or heini-syncotyl has a higher value 
than most (^f tlie average syncotyls, and amongst these 
latter, the question whether the fusion is so complete 
that the apex of the double leaf exhibits no invagination, 
has no effect on tlie hereditary values of its offspring, so 
far as I have been able to determine. In the same way 
the disturbances in the disposition of the leaves, which 
so often follow on syncotyly, are ot no value as selective 
characters (§ 9) ; but it is not necessary to describe the 
experiments which prove this point. 

Hemi-syncotylous seedlings are always rarer, and 
often much rarer than the true syncotyls ; amongst these 
latter on the other hand, the highest degrees of symphysis 
are more abundant than the lower ones, which have an 
obvious invagination of the apex. I have often recorded 
separately the various degrees of syncotyly in my seed- 
lings. In this way figures are obtained which give curves 
with two peaks, such as have been found for other anom- 
alies, especially for fasciation.^ The atavists constitute 
one peak and the most complete syncotyls the other. From 
the former the curve drops rapidl} to mount again grad- 
ually with the increasing degrees of symphysis; whilst 
on the other side of the apex of the syncotyls there is 
another rapid drop to the very rare cases of amphicotyly, 

'S'ur les courhes galioniennes des monstruositis, Bull. Scientif. 
de la France et de la Belgique. Publie par A. Giard, Vol. XXVII, 
p. 396, April, i8g6. See especially the curve on page 397. 



474 


Syncotylous Races. 


in which the seed-leaves are fused together on both sides 
(Fig. 90, C and D). Fig. 98 represents such a curve 
from the harvest of 1889, which includes 2439 seedlings. 
The absolute numbers of the seedlings which possess the 
various degrees of symphysis are given below the figure. 
The groups are obviously arbitrary, but it is not likely 
that a grouping according to a different scheme would 
have any essential effect on the form of the curve, for 
the seedlings with fused peduncles only would always 
constitute a minimum between the two peaks. 

If we examine the se- 
ries of figures of our pedi- 
gree statistically, we see 
that they are, as a rule, 
asymmetrical, i. e., the 
highest values are closer 
to the one end than to the 
other. In all the years 
with the exception of the 
first and the last, the high- 
est peak is shifted in the 
direction of selection. In 
order to examine this ef- 
fect more closely I insti- 
tuted an experiment in the 
summer of 1890 on a 
larger scale alongside the 
one dealt with on page 470. For this purpose I planted 
out alx)ut 60 syncotyls from a parent with a value of 
817f : 55 of these gave a sufficient harvest. The values 
liave l)een arranged in groups in the same way as in the 
pedigree on page 470, and the sizes of the groups thus 
obtained, are graphically displayed in Fig. 99 and given 



Fig. 98. HeUanthus annuu^ syn- 
cotylcus Curve representing the 
(legrec of syiicotyly in the seed- 
lings of the harvest of 1889. At, 
atavists ; V2 S, iS, peduncles 
fused along half their extent or 
entirely; %K, *AoK, 

I K, seed-leaves fused over of 
their extent and so forth; B, 
pitcher-cotyls or araphicotyls. 
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in a lower row of nrniljers. The asymmetrical form of 
the ciiA e is seen at a glance, although tlu selection which 
])rccecle(l this generation was limited to two years only* 
If we compare tliis curve with the groups of figures 
representing the tricotylous h«df races, we see that it 
is not simply its mirror-image. It is true that both have 
their highest point over or close to the end of the base 
line. But in the case of the half ra'e the longer side of 



Fig. 9Q. Hclianthus annuus ^yncotylcus. Curve of the 
hcreclitai^ values of 55 syncotylous offspring of a parent 
with 81% (CtilUire 1890). Given a.s a type of a curve 
resulting from selection. 


the curve extends seldom .so far as 25%, (Scrophularia) 
and ordinarily much less, and thi.-) in spite of the selection 
in the plus direction (see the table on p. 392). In the case 
of Helianthus, however, the longer side extends almost 
to the middle or about 60%, and this in spite of the selec- 
tion of the best syncotyls with the highest values. If the 
selection, in this case as in the other, had been directed 
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towards the middle of the base line, the sweep of the 
curve would obviously have been a still more' gradual 
one. We see, therefore, here as elsewhere, that the inter- 
mediate race or eversporting variety is far more suscep- 
tible to selection than the half race. 

§ ii. IMPROVEMENT OF A HEMT-SYNCOTYLOUS RACE. 

Like tricotyly, I regard syncotyly as a single ele- 
mentary character the external manifestation of which 
is subject to fluctuating variability. Completely fused 
cotyledons, which are the type occurring most abundantly 
(see Fig. 98), constitute the normal or typical structure, 
whilst the lower degrees of fusion and the bilateral unions 
are the minus and phis variants of the same series. 

One of the most important problems in the theory 
of mutation is to bring together the various expressions 
of the same elementary character in each particular case. 
The delimitation of such groups is often clear at once, 
hut often it can only be reached by the actual observa- 
tion of the process of mutation. Still, the question is 
obviously a fundamental one, for our whole conception 
of affinities must rest on it, both in the question of specie^ 
and in that of hybridization. We must therefore seek for 
methods which will lead to a solution of this problem. 

With regard to the present case we may start from 
the following discussion. If the hemi-syncotyls and 
amphi-syncotyls were representatives of distinct elemen- 
tary?' characters, we should expect to be able to isolate 
the corresponding races. The amphicotyls are too rare 
and too difficult to cultivate, on account of the disturb- 
ance in the growth of the plumule, to offer much prospect 
of success. Hemi-symcotyls, on the other hand, are well 
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adapted to such nn e'^'periment in isolation. Onr expe- 
rience with the tricotylous races teaches us what to ex- 
pect; for, obviously, either a half race or an intermediate 
race must arise, if hemi-syncotyly is at all capable of 
separate existence. 

But if such an isolation cannot be effected, i. e., il the 
hemi-syncotyls are only minus variants of the syncotylous 
intermediate race, ihe selection of hemi-syncotyls will 
obviously do no more than maintain this latter race, and 
only modify it slightlv in the minus direction. We should 
then expect to obtain a strain which shouKl not differ 
essentially from a true syncotylous intermediate race, 
except by a slight sliifting of its mean value. In this 
case the numher of the hemi-syncotyls will be somewhat 
increased by selection, but not, however, to the exclusion 
of the syncotyls. 

From this discussion it is clear that we can furnish 
the experimental proof that the hemi-syncotyls are minus 
variants of the syncotyls by an appropriate exoeriment 
in selection. For this purpose I started in 1890 with a 
lateral branch of the pedigree on page 470, by selecting 
every year only hemi-syncotylous plants as seed-parents. 
I have continued this experiment in the same way for 
seven generations, and the result was, as we shall see, 
a confirmation of the above conclusion. 

This experiment was conducted in another garden 
from that in which I cultivated the syncotylous race, but 
otherwise carried out in exactly the same way. In the 
crops the hemi-syncotyls and the true syncotyls were 
always recorded separately, so that for each seed-parent 
two values were obtained. The individuals to be planted 
out were at first chosen from two parents, but later only 
from one ; the selection l^eing made according to the pro- 
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portion of hemi-syncotyls among the seedlings, i. e., that 
parent was chosen which produced the highest percentage 
of henii-syncotyls, no regard being paid to the number of 
syncotyls produced. 

I shall now give the values of these selected parents 
for several generations in tabular form : 


IlEMI-SYNCOTYLOUS RACE. 

HEREDITARY VALUE OF THE SEED-PARENTS SELECTED FOR THE CONTINUA- 
TION OF THIS RACE. 


From the 

Proportion in percentages of 

Degree of symphysis 

harvest of 

Hemi-syncotyls 

Syncotyls 

Totals 

of cotyledons 

1880 

5 

76 

81 

\ 

1890 

40 

36 

76 

i 

1891 

15 

15 

30 

1 

1892 

20 

20 

40 

\ 

1893 

28 

27 

55 

\ 

1894 

31 

55 

; 86 

\ 

1895 

34 

35 

69 

1 

2 

1896 

37 



30 

! 67 

— 


In this table the degree of symphysis in the cotyledons 
is given for each parent selected. This was, where pos- 
sible onc-half, i. e,, the cotyledons were fused along half 
the distance between the upper end of their petioles and 
their tips. In the earlier years this was more or less a 
matter of chance, and in the harvest of 1890 it was by 
no means the plant with the highest degree of fusion that 
gave the liest hereditary value. Later, I could limit my- 
self to planting out those seedlings in which the fusion 
had only extended half-way and so I only determined 
the values from these. 

The first row of the table (1889) refers to that indi- 
vidual of the syncotylous race (p. 470), whose oflfspring 
constituted the l)asis for this sjiecial culture. The selec- 
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tion and the planting ont of hemi-syncotylous seedlings 
suddenly increased tiie propoi*tion of the latter and cor- 
respondingly diminished tha^ of the synccnyls; but only 
for a time. In the harvest of 1891 both have I)ecome 
low, and from that time orw^iivls selection has gradually 
increased, with but slight deviations, both the numiter 
of liemi-syncotyls and that of syncotyls. In the last 
harvest (1896) the numbers are given for the plant with 
the largest proportion of hemi-syncotyls. I1ie average 
number of the hemi-syncoty!s r)f the whole crop was, 
]iov/e\’er, 29^f, and that of the syncotyls 31 7^- 

The result r)f this experiment of seven years was, 
therefore, that by the double selection of .seed-parents, 
which produced the largest number of liemi-syncotyls. 
and of hemi-syncc^tylous imlividuals for seed-parents, 
we do not even a])proach a pure henn-syncotylous race. 
In spite of the inevitable fluctuation of the numbers, the 
syncotyls remain in about the same pro])ortion as the 
half tyj>e. Jf we think how many degrees of symphysis 
this latter embraces as ojiposed to the uniform group of 
the true syncotyls, the number of the latter actually found 
assumes even greater importance. 

In the pedigree on page 480 I have given a summary 
of the whole course of this culture. In this I have en- 
tered only the totals of hemi-.syncotyls and syncotyls; but 
as half of these values belonged to hemi-syncotyls, the 
])edigree would not have been different if these alone 
had been entered, except of course that the jiercentage 
figures at the top of the table would have to be halved. 
As usual, these figures relate to means of small groups, 
which in this case embrace values between 1 and 9, 10 
and 19, 30 and 39, etc. The figures which arc given for 
the several generations indicate the number of individuals 
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whose hereditary value is represented vertically above 
them. The barbs in the bracket show the parents of the 
previous generation which had been selected and cor- 
respond therefore to the totals in the table on page 478. 

The chief point which this pedigree brings out, is that 
the selection of the hemi-syncotyls does not modify the 


HEMI-SYNCOTYLOUS RACE. 


PEDIGREE OF THE TOTALS OF HEMI-SVNCOTYLOUS AND SYNCOTYLOUS 
SEEDLINGS. 


7th generation 
1896 

6th generation 
1895 

5th generation 
1894 

4th generation 
1893 

3d generation 
1892 

2d generation 
1891 

1st generation 
1890 

Syncotylous 
race, 1889 



race either in one direction or in the other. If we omit 
the crop of 1890 the several generations fluctuate round 
a mean value which does not deviate greatly from 55% 
and thereby agrees sufficiently closely with the average 
of tricotylous individuals in tricotylous intermediate races. 
In other words, the selection of hemi-syncotyls gives a 
syncotylous race of average value; and if we compare 
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the several generations this race with a tnie syncotyl- 
ous race (see the table on page 470), we only find in most 
of them an oscillation within much wider limits. 

The hemi-syiicotyls arc. therefore, only variants of 
the syncotylous race. 

§ 12. ATAVISTIC RACES. 

Although the atavistic s|)eciniens of Hclianthus an-- 
nuns syncotylcus are exactly similar to the j normal seed- 
lings of the ordinary sunflower, they nevertheless belong 
to the syncotylous race and do not depart from it. With 
regard to their visible characters they are aberrant forms; 
with regard to their ])rogeny, however, simply extreme 
minus variants; but the latter is true only on the average, 
and not for the particular atavists whose values often 
approach those of the best syncotyls, and not infrequently 
eKcced the mean of the race. 

If the intermediate race were not pure we should, of 
course, still be able to select the corresponding half race 
from it. But after it has once been purified by selection, 
this is no longer possible. A syncotyloUvS intermediate 
race can no more give rise to a half race than a tricotylous 
half race can be transformed by selection into an inter- 
mediate race (see Amarantus and ScropJmlaria, pp. 398 
and 407). In the years 1890, 1891, 1892 and 1894, I 
made extensive cultures of atavists derived from my 
syncotylous race and also from my hemi-syncotylous 
race, and determined their hereditary values for one or 
tw'^o generations. In these experiments curves were ob- 
tained which were not asymmetrical, with a peak at one 
end, but were flattened curves, extending over the whole 
length of the base line. Thus, for instance, I obtained 
from a dozen atavists from the seeds of the seed-parent 



482 


Syncotylons Races. 


of 1890, selected for the syncotyloiis race, the following 
percentage numbers of syncotyls: 

-19 48 54 56 62 68 69 73 80 84 88 96 

If we compare this series with the pedigree on page 
470 and especially with the figures given there for 1890 
and later years, it will be seen that it is almost only the 
first two figures 19 and 48% which fall outside the group 
of values of the syncotylous offspring of the selected 
seed-parents. 

A selection of atavists as seed-parents continued 
through several generations, and a selection amongst 
these of s])ecimens which produce the smallest percentage 
of syncotyls, will obviously reduce the mean value of 
such a race, but not to such an extent as to justify the 
expectation that a continuation of the process will lead 
to the origin of a half race. I started such an experiment 
in the summer of 1894, from the seeds of the harvest of 
1892. 1 selected a specimen from my syncotylous race,' 

(p. 470), whicli had produced 92% syncotyls and only 
8% atavists, and planted out the latter only. Since that 
time I have cultivated the race continuously and on an 
isolated spot and have planted out every year only the 
seedlings from those parents which had produced the 
largest num1)er of atavists amongst their offspring. From 
these T always selected the pure dicotylous seedlings only. 

T determined the hereditary value for each example 
and combined these in small groups in the usual way. At 
the to]) of the pedigree on page 483 will be found the 
mean values of these groups (5 = 1 — 9y 15 = 10 — 19 
etc.), and, vertically l)elow these figures the corresponding 
mim!>er of individuals The figures at the top give the 
percentage numbers of syncotyls. The pedigree can, 



Atavistic Races, 


483 


therefore, he directly compared with those on pa^es 470 
and 480. The brackets in e?ch case indicate the selected 
seed-parent. 


UELIANTHUS ANNUUS . /IS COTYLEUS. 
ATAVJSTK* RACE. . 


4th generation 
1897 

3d generation 
1896 

2d generation 
1895 

1st generation 
1894 

Syncotylons 
race, 1892 



\Vc see that the minus selection has actually had its 
effect in that direction. The extremes and the mean have 
re|.,mlarly decreased. The experiments correspond exactl> 



Fig. 100. Helianthiis annuus syncotyleus. Hemi-syncolylons 
seedlings with various degrees of fusion vjf the cotyledons. 
A and B small, C and D larger degrees of symphysis. 


with that with maize, which was represented in Fig. 18 
on page 73 of the first volume, except that in this case 
the change took place in the reverse direction. On the 
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other hand, the signification of the pedigree is, in this 
case, quite different from that of the main syncotylous 
race (p. 470). In that case we found a sudden transi- 
tion from 19% to about 98% in the first generation, and 
since then only fluctuation around the obtained value. In 
this instance, however, there was a regular retrogression 
which has reduced the mean value from 90% to about 
50 to 55%. This value corresponds to that of an inter- 



Fig. loi. Hclianthus animus syncotylcus. 1-7, fused cotyl- 
edons, each figure of a single plant; atavistic normal 
seed-leaf; i and 2. simple opposed syncotyls of which 
la represents a transverse section; 3-4, doubly folded 
syncotyls with 3 peaks; their transverse section in 4a; 
5. with very shglit invagination of the apex; 6 and 7, 
without invagination; 6, wdth one vein and 7, with two. 


mediate race without selection, especially of tricotyls. and 
is about the same as tliat which was reached by the hemi- 
syncotyloiis culture (p. 480). There can, however, be 
no doubt that a further selection in the winus direction 
would have reduced the proportion of syncotyls in my 
race to a figure much below this mean. 

We thus see that after a minus selection extending 
over four generations the race still contains individuals 



External Conditions and Hereditary Values, 485 


with 6 5 io 75% syncotylous offspring, and could there- 
fore be brought back in one or two generations to the 
highest point attained by the original race. It is there- 
fore far removed even from the slightest semblance of 
a halt race. 

How far, in the case before us, selection could lead 
in the course of years can, of courses only be surmised. 
But the sunflower is not a suitable species for the con- 
tinuation of these experiments, on account of the risk 
of occasional pollen grains of the ordinary sort being 
brought by insects from distant gardens ; for under these 
conditions selection would promptly extract a half race 
which would be the result of hybridization and not of 
selection, and artificial fertilization in the sunflower is 
beset with very great difiiculties. 


§ 13. THE INFLUENCE OF EXTERNAL CONDITIONS ON 
HEREDITARY VALUES. 

In these cultures my practice has been, first to record 
the seedlings in the pans and then to plant them out into 
pots with well manured soil, from which they were trans- 
planted to the beds in June. Here the plants stood at 
distances of over half a meter apart. As soon as axillary 
buds became visible they were removed, and only the 
tenninal head was allowed to flower. Fertilization was 
left to insects, for my sunflowers do not set seed without 
crossing. As soon as the seed is rip< , I cut oflf the whole 
head in order to collect and clean the seed. 

The Cjuestion presents itself, does this method of cul- 
ture exert any considerable influence on the proportions 
of syncotyls? In order to provide an answer I have in- 
stituted a nitmber of subsidiary cultures in different years, 
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preferably with seedlings which did not differ much from 
those of the main culture. These have, however, prac- 
tically always exhibited no more than slight deviations; 
and where these happened to be exceptionally large, the 
cause of the deviations has remained obscure. As a rule, 
we may assume that favorable conditions increase the 



102. llcUanthus atimtus syncotyleus. The first leaves 
of syncolyk)Us seedlings. A, a leaf of the first pair with 
three peaks and inserted above the syncotyl ; B, a leaf 
with two peaks placed opposite the syncotyl; C, a leaf 
with two peaks above the first pair of leaves. 


hereditary values ; hut only to an inconsiderable extent, 
and csi)ecially so within the relatively narrow limits of 
the scale on which our plant can be cultivated in the 
garden. 

In 18^)2, and at other times, I also collected the seeds 
from the flowers on lateral branches: lx)th the flower- 
lieads and their fruits are smaller here than at the top of 
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the main stem, and they pr* Jiice a correspondingly smaller 
number of synootyls, but omy in the proportion of 87 to 
80%, on an average for 12 plaints. If the seeds of single 
inflorescences are harvested in three lots in such a way 
that the outer, inner and middle ' reas axe separated, the 
former generally contain slight- 

ly more syncotyls, for the fruits W 

in the middle of the uead lend /vi yi 

to be someuhat weaker. l^Vom W 

each of these three groups I ^jjlf 

!ia\'e allowed the best seedlings ju ^ 

to flower and bear fruit, but B M 

I found no essemial difference il 11 

in their hereditary values. It // f 

appears that improved condi- || \jv I 

tions during the early stages of Im ^ jg ^ Jl 

the plant, have some small in- |\ W // 

fluence in a positive direction, Fig- io3- Hdianthus annuus 
. . 1 i-r , A and B, seed- 

but crowding m later life and inigs whose plumule has 

partial removal of the leaves 'coirst'of 

(luring the flowering period had syncotyl abnormally en- 

little noticeable effect (1891). 

Furthermore a culture on good development of the 

• , ^ stem, 

sandy soil, instead of garden 

soil, made no difference in the values (1892). 

Striking exceptions, however, sometimes occurred, for 

instance in the year 1891, when three plants in my main 

culture became affected with Pesizr a short time after 


flowering, and died, not however without ripening some 
of their seed. These three produced the smallest values 
of the whole group. (76, 84 and 85% as against 86 to 
99% V But perhaps they were the weakest individuals 
and contracted the disease for this reason. 



III. THE INCONSTANCY OF FASCIATED 
RACES. 

§ 14. THE INHERITANCE OF FASCIATIONS. 

Fasciations are amongst the commonest anomalies 
which occur in the vegetable kingdom.^ Until about ten 
years ago the prevailing opinion concerning them, as in- 
deed in regard to monstrosities in general, was that they 
were not heritable but owed their origin to external in- 
fluences only. The coxcomb, Cclosia cristata, was con- 
sidered an exception to this rule. It was, however, well 
known that the phenomenon occurred more frequently 
among certain species than among others; but the con- 
ception that some plants possessed a greater tendency 
to the production of such anomalies than others was 
taken for a sufficient explanation of this fact. 

But since I have succeeded, in the case of a series of 
apparently fortuitous fasciations. in establishing, by iso- 
lation and selection, races in which the deviation is re- 
peated regularly and in a considerable number of indi- 
viduals. it has become evident that we are concerned here 
with heritable qualities which are handed on from one 
generation to another in certain strains of individuals, 
and which really differ from the characters of ordinary 
varieties only in the fact that they are always accom- 
panied by reversions. It never happens that everv branch 

' 5 >ee A G\llardo. Fasciacidn, Prolifcracion y Sinantia. Anales 
del Museo Nacional de Buenos Aires, Vol. VI, pp. 37-45. 
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on a sufficiently branched individual is fasciated, any more 
than that all the individuals in a large crop produce the 
anomaly withou.t exception. The Ccloslo cristata, which 
conies closest to ix;rfection in this resjject, is only an ap- 
parent exception to the rule. 

Fasciations, therefore, afford valuable material for 
the study of inconstant characteis. Moreover they arc 



Fig. 104 Ears of rye with two and three tops, such as are 
sometimes found in mowing the fields (1891). 

known everywhere, can be procured by everylxidy, and 
are fairly easy to cultivate; and th"* successful cultures 
give rise to beautiful instances of fasciation in a third 
or even in a greater proportion of the individuals. There 
is a complete series of transitional forms between the 
atavists and the most abnormal specimens, inasmuch as 
the broadening of the axis can be either very slight or 
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very considerable, and all the intermediate stages can 
often be observed on the lateral branches of a single plant. 

The most important result which can be deduced from 
the ’'experiments which follow is the discovery that the 
atavists or non-fasciated individuals of the race can only 
he regarded as reversions in the morphological sense; 
but that physiologically considered, that is, as transmitters 



Fijj lo.s. Riinunculus hulbosiis. A fasciated stem which 
has grown up from a broadened rosette of radical leaves. 

The terminal flower is also broadened and split. Hilver- 
sum, 1894. 

of fasciations, they are scarcely inferior to the best fas- 
ciated specimens of the race. The character in question 
is only latent in them, or rather only temporarily invisible ; 
perhaps simply not developed by reason of the absence 
of some necessary external factors. 

The atavists do not, so to speak, depart from the 
race, as do those of Oenothera scintillafis; the race con- 
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stitutes a uniform group of individuals and only differs 
from constant races or true varieties by the extraordi- 
narily high degree of variability of its distinguishing 
character. 

This degree of variability relates not only to the 
degree of expansion of the axis, but also to the manner 
ir which the anomaly is manifested. First we have to 



Fig. 106 Viola tricolor maxima, the garden pansy. A 
forked flower stalk arising from the axil of a double 
leaf (a, a ) ; .rand.;, the outer stipules; s , the inner un- 
split stipules of this leaf. The continuation of the main 
axis has been bent down laterally, {b), 

distinguish between the split branches and the fasciated 
branches sensu stricto. Split ears of the rye are some- 
times found in the fields (Fig. 104) and then preserved 
by the country folk. The axis of these ears may be 
divided once or oftener, the parts above the division 
being perfectly normal themselves. Or again the haulm 
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below the ear may be split and produce two ordinary 
ears side by side. Amongst dther plants also forkings 
of this kind are by no means rare, but as a rule they 
occur associated with typical fasciations. 

The latter are of the same breadth from below, that 
is to say in the strict sense ribbon-shaped, or they begin 
with a cylindrical form b^ow, and gradually flatten out 
towards the top. The latter case is the normal one ; from 
it the former has been derived. This may occur either on 
an axis of two or more years of age, or on the lateral 
branches of stems which are themselves fasciated. Axes 
of two or more years of age begin by being circular in 
transverse section, and can, in the same summer, obtain 
a maximum breadth which they then retain in later years. 
This is observed especially in stems which arise from a 
rosette of radical leaves developed in the preceding year 
{Crcpis biennis, Aster TripoUum, Picris hicracioides, Pri- 
inula japonica. Ranunculus hulhosus [Fig. 105] etc.). 
In trees and shrubs and especially in firs (Abies excelsa) 
a fasciation that has once ai)peared, frequently reappears 
for several years in succession.^ The lateral branches 
of fasciated axes often have an expanded base and then 
grow on without further increase in breadth. 

Like the base of a lateral twig, a leaf on a fasciation 
can undergo expansion in its youth. In this way there 
arise broader, more or less deeply split, leaves, not infre- 
(luently even with similarly expanded or split axillary 
twigs (Fig. 106) : or again the germs may be split and 
parted quite early, and two or more leaves arise in this 
way instead of a single one. Fsi)ecially when the leaves 

'C. DE Candou.e, Fasciation chez uti Sa/>iri, Arcliiv Sc. phys. ct 
nat., Vol XXI. p QS, PI IT ; and Oi’cr dc erfelykheid dcr 

fasciaticn, Botan. Jaarbock, 1894, PI XT. 
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are arranged in whorls, this kind of multiplication looks 
veiy striking (Fig. 107} 

If we examine the growing point of a fasciated shoot, 
the abnormal conformation Cu.n already be distinguished. 



Fig. 107. The Madder, Rubia tine forum Fasciated stems 
with an increased number of leaves in the whorls, found 
in a madder field near Oiiwcrkerk and broken off at the 
rhizome (1890). 


Where the fasciations are very broad this was to be ex- 
pected, as for instance in the case of Sedum reflexum 
cristafmn figured in the first volume (Figs. 34-35, pp. 
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182-183). Expanded combs of this kind are often seen 
at the top of inflorescences, especially in Veronica longi- 



Fig. io8 I 't ronica longifoha Inflorescence with the tip 
expanded in the form of a conih. 

folia ( 108). .Iniarantus speciosns (Fig. Si. p. 399), 
Oenothera Laniarckiana and O. hrerisiyiis. etc. 
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TlKse phenomena have been more closely investigated 
by Nestler who regularly found inside the terminal bud 
of a fasciated branch a line of fasciation instead of a 
point, in other words a growing comb instead of a grow- 
ing cone.^ The leaves arisin*^ from this latter are pro- 
tluced in very large numbers and in an abnormal arrange- 
ment, and in consequence of this, the disposition of die 
leaves on fasciated tends to be extremely irregular; 

but although this subject is obviously very imptirlant in 
its I)eanng on the whole question of phyllotaxy, it still 
awaits a thorough investigation. In this respect it wotihl 
be particularly valuable to make a study of fasciations in 
conifers, for our knowledge of ihe nonnal structure of 
their cone of vegetation is much more extensive than it 
is in regard to that of angiospeiins.- Moreover there 
is no lack of material, for Cryptovieria japonica man- 
strosa and the fasciated varieties of several other species 
are on the market (Fig. 109). 

Besides the cases of ordinary fasciation, and of those 
in which the surface may be Ix^nt by unequal secondary 
growth, there are some cases of confonna- 

ti«ni which hitherto have been very little iny;6stigatecl. Tt 
is not known whether these are the exprc*f,sions of the 
same internal character or whether they must be referred 
to sjiecial factors. Their morphological structure is in 
favor of the latter view : but the former is su])ported by 
the fact that they have hitherto alwa\'s been observed in 
conjunction with ordinary fasciations, i. e., in species 
which are particularly liable to them. Examples are af- 
forded by the multi-radiate and annulate fa.sciations. 

’ A. Nestleh. Unfrrsuchungen iiber Pasciaiionen, Oesterr. l>otan. 
Zeitsdirift, 1894, No. 9 ff., with 2 plates 

H Dingler, Zum Schcitclwachsihum der Gymnospermcn, Ber. 
d. d. hot. Ges., Vol. IV. 1886, p 18. 
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In the ring fasciaticMis the vegetative co;ie is trans- 
formed into an annular wall which ultimately develops 



Fig. log. Crytoincria japomca mon- 
strosa, A (vnnm'jrcial variety very 
rich in fasejritions. a, laterally ex- 
panded tip of a branch producing 
a normal twig at d by means of 
splitting; b and r, further fascia- 
tions of this branch. 


into a smaller or larger 
funnel. I found these 
remarkable structures re- 
peatedly in my cultures 
of Veronica longifolia, 
where they remained 
quite small, scarcely 
reaching a centimeter.^ 
On the other hand I have 
observed a funnel - like 
structure in Peperomia 
maculosa of more than 
a decimeter in length. ^ 
Some of the best known 
instances of ring fascia- 
tions occur in Taraxa- 
cum officinale ; these have 
frequently been described 
and I have myself often 
had the op])ortunity of in- 
vestigating them.^ With- 
in a thick, tube - like 
flower - stalk, often as 
many as 10 to 20 slender 
wStalks arise, each in the 
axil of a leaf and each 


W 


' A. Nestler, Uchcr Ringfasciation, Sitzungsher. d. k. 
iss., Wien, Vol. CIII, Part I, 1894, Plates I-II 


d. 


Sur uii spadtcc tuhuleux du Peperomia maculosa, Archives Neer- 
landaises d. sc/ cx ct nat., Vol. XXIV, p 258, PI XII. Afterwards 
the anomaly occurred again on the same plant (1892). 

•Michf.ii.s. Bofan Zeitung, 1873. p 334; 1885, p. 440. Further 
literature will be found in Nestler’s paper already cited. For Helian- 
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bearing a more or less normal inflorescence. From the 
seeds of such an individual, I have for many years culti- 
vated a large bed containing over 100 plants which, how- 
ever only produced ordinary fasciations, but no ring- 
fasciations. 

Sometimes I have found radi.ite fasciations in my 
cultures of Amaranths spccio.uis alongside of the more 



Fig. no Amaranfus spectostis Tri-radiatc peaks of 
indorescenccb. 


common, ordinary fasciations.^ The tip of llie infl(jres- 
cence was not flattened, but tri- or sometimes ()uadri- 
radiate (Fig. llOj. In Digitalis htfea T liavc observed 
a similar case, and in Cclosia cristata I found a good 

thus animus, see Paul Richter, Ber d. d. hot. Ges., fSgo, Vol. VTIT, 
p. 231, PI. XVL 

^Over de erfelykheid van fasciati'en, Botanisch Jaarboek, Gent, 
1894, p. 90 
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instance of a quadri-radiate apex on a branched indi- 
vidual (1893). Tri-radiate fasciated heads have often 
Ijeen found in Composites; for instance in Chrysanthe- 
Leucanthemum, Helianthus annuus and Erigeron 
bellidiflorus. In the latter species these have occurred 
with tolerable frequency in my garden. All these cases 
are greatly in need of a closer investigation. 

For the production of a fasciation the presence of the 
internal factor is not of itself sufficient. Favorable con- 
ditions of life are also quite necessary. The stronger a 
plant or a branch is, the more liable is it to expand and 
flatten out. This is best seen in those biennial or peren- 
nial plants which occasionally have the power of flower- 
ing in the first year. If they do this, either only small 
fasciations, or none at all, are developed, whilst it is 
amongst the specimens which remain in the rosette stage 
during the first year and do not develop their stem till 
the second, i. e., after they have undergone considerable 
increase in strength, that the most numerous and finest 
fasciations will be found. Thus, for instance, I obtained 
through the kindness of Professor Lagerheim from 
Stockholm seeds of a fasciated plant of Hicracium urn- 
hcUaUiin, and in the summer of 1901 I had from these 
a bed with nearly a hundred plants without a trace of 
fasciation. Some plants, however, did not make a stem 
that year but, after they had survived the winter, pro- 
duced in the following spring some beautiful expanded 
stems with comb-shaped inflorescences at the top. The 
same occurred in my cultures of Aster Tripolium, Picris 
hieracioidcs, Oenothera Lamarckiana and others. The 
first species, when grown as an annual, developed tall 
stems which remained fairly cylindrical in the lower part, 
and then Ix'gan to flatten, without, however, attaining 



The Inheritance of Fasciations. 


499 


a greater breadth than about 2.5 centimeters; but in large 
cultures there were sometimes as many as 60 or /O^o of 
such broadened shoots. When grown as a biennial, how- 
ever, the hearts of the rosettes gradually expand in the 
first autumn or during the wintei, an I from these, stems 
are produced which .sometimes attain a very considerable 
breadth. Thus, for instance, in the summer of 18^5 T 
measured some oT from 3-6 centimeters. Picris hicra- 
cioidcs seldom produces fasciatioii'^ in the first year, and 
when it does they are not broad: whilst the stems j)ro- 
duced in the second year from the broadened rosettes of 
radical leaves ordinarily afford some of the finest in- 
stances of tins anomaly.^ 

Just as the age of the various individuals of a culture 
has a great effect on the produedon and development 
of the fasciations, so also has the time of the year at which 
the seed is sown. Many biennial or perennial plants 
which quickly manifest the character of the race when 
sown early, remain apparently normal if the sowing was 
made late, and they cannot grow out to sufficient strength 
before winter. My fasciated races of Crepis biennis and 
Taraxacum officinale are very instructive in this connec- 
tion. Sowings of Crepis, made in April and May, gave 
from 30-40% of fasciated individuals. Sowings made 
at the end of July produced 20% only, and those made in 
September none at all. Similarly, Taraxacum officinale, 
when sown in spring, produced 13 to 27% of fasciations, 
whilst a sowing made in August did not produce even 
so much as a single flattened flow^er-stalk. 

^ Sur la culture dcs monstruosites, Compt. rend., Paris, Jan. iSqq; 
Sur la culture des fasciations des especes annuelles et bisannuelles , 
Revue gen. d. Bot., 1899, Vol. XI, p. 136; and Uehcr die Abhdngig- 
keif der Fasciation vom Alter bei sweijdhrigen FAansen, Botanisches 
Centralblatt, 1899. Vol. LXXVII. 
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In races of this kind all conditions of the environ- 
ment are of importance. By crowding, the proportion 
of fasciated individuals can be reduced, for instance, from 



Fig. III. Agrostcmma Githago. 
A plant the main axis of which 
had been cut off at o. The cotyl- 
edons have dropped off at C and 
C\ Their axial twigs are fasciated, 
and instead of producing decussate 
leaves, bear multiple whorls. They 
split occasionally at the nodes, 
forming forks with branches at 
a, c, d, c and f. Just above f the 
calyx of the flower is spiral (kk), 
and fused with the uppermost fo- 
liage leaf by which the flower 
stalk is seen to be twisted. (1892.) 


40 to 5%. Even if the number of fasciations is calcu- 
lated per area of the bed, a small number of specimens 
give a prospect of obtaining more fasciations than a 
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larger number planted on the same area, but too close to- 
gether. The nuiiiber of fasciations can be diuiinislied 
by cultivation on sterile sand and increased by the a<ldi- 
tion of manure. Tlie most numerous and the finest in- 
stances of the anomaly are produced by cultivation in 
pots with heavy manuring and b} subseciucnt trans}»lan- 
talion to the beds ; and so forth ^ 

Further, a considtrable effect can be exerted on the 
production ot fasciations, as upon tliar of monstrosities 
in general, by pruning and by the selection of buds which 
accompanies this process. I'hus, Goebkl says in his Or- 
ganographic'^ that fasciations can be artificially produced 
by diverting the ^'sap'" with great intensity into a lateral 
bud which would otherwise have obtained only a small 
quantity of it. It is for this reason that fasciations are 
particularly abundant on adventitious branches and shoots 
from cut stems. Even in annual plants such as Phascolns 
multifloriis and Vida Faba, fasciation can be induced by 
cutting off the plant above the cotyledons. A plant which 
is peculiarly suitable for the demonstration of this method 
is Agrostemma Githago, which in my cultures always 
produced an abundance of anomalies, but did so with 
greater certainty when I had removed the main stem, 
just above the cotyledons or the first pair of leaves. The 
axillary buds, which, as a rule, do not develop, grew r‘ut 
under this treatment and frequently became fascioted 
(Fig. 111). 

The phenomena of periodicity are also associated with 
the effects of nutrition. Lateral branches of fasciated 
shoots are usually of norma! structure; but broadened 
ones not infrequently occur amongst them. If they do, 

^ Botan Ccntralblatt, 1899, loc, cit 

* Vol. I, p. 234. 
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they manifest a certain order in their disposition since 
they are usually found in that region where other normal 
and abnormal characters also attain the maximum of 
their development.^ This phenomenon which can easily 
be demonstrated in the fasciated race of Tetragonia ex- 
panse, is, however, in need of more thorough investi- 
gation. 

But the chief point seems to me to be, as Goebel 
pointed out in his work to which we have already re- 
ferred, that the latent factor for the production of anom- 
alies must be present in all those parts of the plant in 
which external influences are able to induce fasciations 
or anomalies. If this is absent no amount of manipula- 
tion is of any avail. It seems, however, that the factor 
for the production of fasciations is pretty generally dis- 
tributed throughout the vegetable kingdom; though it 
is not so general but that there are certain groups in 
which it docs not occur. It is a curious fact that fascia- 
tions are mucli commoner amongst dicotyledons than 
amongst monocotyledons, although some very well-known 
instances are ])resented by the latter {Asparagus, Lilium, 
Fritillaria, Orchis). 


§ 15. HALF RACES WITH HERITABLE FASCIATION. 

It is only by conducting special breeding experiments 
that we can discover for certain whether fasciation is 
heritable in a given species, and to what extent. If, 
however, such cultures are made, we shall soon find that 
these anomalies fall into two categories which are per- 
fectly analogous to the half races and eversporting vari- 

’ See T. Tammes, Ucher die Periodicitdt morphologischer Er- 
schcifiuitgen bci den FHancen Kon. Acad. v. Wet, Amsterdam, 1903. 
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eties distinguished in the first part of this volume (p. 18). 
In the former case the anomalies are rare and their fre- 
quency can not be inc’^eased by selection to any consider- 
able extent. In the second case the fasciations occur even 
in the field in obviously larger rumber^; and it is only 
necessary to isolate the examples in question in order 
Ije in immediate jxissession of a race producing fasciations 
abundantly. These experiments are perfectly analogous 
to those which we have described in the case of other 
anomalies and especially to those relating to trict/tylous 
and syncotylous cultures (see page 343). Nevertheless, 
in the case of fasciations, we have by no means so strin- 
gent a character to select by, as is presented by the jicr- 
centage hereditary values, calculated from the seedlings 
of tricotylous races, and therefore the subsequent devel- 
opment of the race after the initial isolation is a matter 
of much greater difficulty. 

Postponing the consideration of the eversjxjrting vari- 
eties or intermediate races to the next section, let us here 
attempt to obtain some insight into the races in which the 
anomaly occurs more rarely. Unfortunately, in many 
instances the available data are not vet sufficient to enable 
us to decide with perfect certainty to which of the two 
types a given case belongs. 

Fasciations occur in so many commercial varieties that 
they are accessible to everybody; sometimes even the 
variety owes its name to the frequency of this character, 
as. for instance, the Sword-elder ( ^avihuciis niijra fas- 
cia fa) : or it may t^e an almost constant attribute of the 
cultivated sorts, as in the Japanese spindle-tree (Evofiy- 
inns japouica, Fig. 112). When the varieties are either 
largely or exclusively multiplied in the vegetative way, 
it is pos.sible that the anomaly, although only heritable 
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to a slight degree, may be manifested frequently; as, 
for instance, in Lilium speciosum album corymhiflorum 
an4 in the so-called sword-shaped variety of Fritillaria 
imperialis. The well-known monstrous species of Cactus 
should also be referred to here (C. peruvianus mon- 
strosus). Experimental estimations of the constancy 



I'ig. 112 . Evonymus japonica. A fasciated much-split twig 
of this common garden plant. A, B, growth in 1898; 

C, D, in 1900. Photographed, Aug. 1900, from life. 

of these abnormalities from seed do not yet seem to have 
been made. 

The same general conditions obtain amongst many 
s|)ecies of trees and shrubs, of which any collector can 
easily obtain a fasciated sprig. As instances from my 
own collection I mention Fraxinus excelsior, Alnus r/luti- 
nosa, Crataegus nigra. Azalea indica, Robinia Pseud- 
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Acncuiy Salix purpurea, Salix alba, Spiraea callosa atro- 
purpurea. Moreover I ha/e obtained, by the kiruhiess 
of Prof. VV. Johann SEN of Copenhagen, beautiful broad 



I'lK ]i3 Jlclianthus iubcrosus. A fuMjalcd strrii which is 
split into two almost equal fork-branches b and < , at the 
node marked a. biom llie fork there arise two loaves d 
the mid-ribs of which have fused along their dorsal side/ 


fasciations of the underground stems or runners of Spi- 
raea sorbifolia from the nursery of Mr. Zeiner Lassen 
in Helsingor. Instances of the s»'>me fasciations have 

* I have also obser\^ed this remarkable occurrence of fusing by 
the hacks in leaves in the forks of split twigs, in Robinia Pscud- 
Acacia and Evonymus japonica (Pringsheim, Jahrb. f, wiss. Bot., 
XXIII, p. 8 t) and also in Collinsia heterophylla (1892), Epilohium 
hirsutum (1892), Echium vulgare (1892'), Chrysanthemum segetum 
(1892), AgrostemmaGithago (1892 and 18^), Acer Pseudo-Platanus 
(t8qi), Crepts biennia (1893), Atnarantus speciosus (1894), Mercu- 
rialis annua (1894) and Lamium pnrpureum (1895). 
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been described and figured by Caspary and therefore 
appear to be fairly abundant in this species.^ 

^In perennial weeds fasciations also occur freely, and 
here we may often observe that the phenomenon is re- 
peated more or less regularly in successive years on the 
same specimens or groups of specimens. For instance, 
we have in the botanical gardens at Amsterdam a plant 
of Sonchus palustris on which I first observed a splendid 

tall broadened' stem in 1890. 
Since then the plant has pro- 
duced almost every year one 
or several such structures, 
sometimes 2 meters in height, 
sometimes not more than 1 
meter,and attaining a breadth 
of 6 centimeters by a thick- 
ness of 1. These stems are 
cylindrical at the level of the 
ground, but flatten out grad- 
ually upwards. 

Similar instances were 
afforded by Aconitum Na- 
pclhis, and Hclianthus tube- 
rosus (Fig. 113) in our gar- 
den, by Justicia snpcrba in 
the greenhouse, and ])y A grU 
monia Eupatorium and Chrysanthemum Lencanthemum 
in the field. I frequently observed fasciations in annual 
and biennial species, and usually in the course of several 
years in the same locality; for instance in Raphanus 

* R. Caspary, Bine gebanderte Wursel von Sffiraea sorhifolia L., 
Schriften d. Physik. Oec. Ges. Konigsberg, 1878, XIX. p. 149. Plate 
IV. As a matter of fact, however, it was not a root; see Penzk,, 
Teratologic, I, p. 421. 



Fig. 1 14. Plantago lanceolata. 
Ears which have split one, 
two or three times. Cultures 
of 1894 and 1895. 
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Raphanistrum, Pedicularis palustris and Oenothera bi- 
ennis, In my cuUires of Amarantiis speciostis, Hclian- 
thus annuus and Oenothera Lamarckiana, the anomaly 
\\ as reproduced almost every year through the course of 


ten years. ^ 

One of the best known 
instances is afforded by rhe 
siigar-beet, fasciated speci- 
mens of which can be found 
almost every year in the 
fields. We frequently find 
amongst them quite long, 
broad and wholly flat stems. 
In spite of the obvious fact 
that they are not selected 
as seed-parents they recur 
regularly, and this fact is 
sufficient to demonstrate 
the heritability of the anom- 
aly. 

I have further to men- 
tion Plantago lanceolata, 
the variety raniosa of wliich 
I have descril)ed in detail 
in the first part of this vol- 
ume (page 148) and which 
I have cultivated every year 
since 1889. It sometimes 
produces split ears (Fig. 
114), especially amongst the 
branched at their base, i. e., 



Fig. IIS. Artemisia Absytiihium. 
A fasciated branch which has 
been heavily bent in conse- 
qrnce. 

inflorescences which are not 
the atavistic ones. In this 


* Further details relating to this subject and more instances of 
the phenomenon will be found in Over de erfelykheid der fasciati'en, 
Botanisch Jaarboek Gent, 1894, p. 72. 
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race the anomaly is obviously in the latent condition and 
only to a slight extent heritable. 

N. Mezzana records an instance of a fasciated stem 
ot Cucurbita Pepo, the upper part of Avhich gradually be- 
came broader over about a meter of its length, and was 
thickly set with leaves and flowers. The phenomenon 
was observed on a number of specimens which had been 
raised from seed of the same fruit and Mezzana con- 
cludes from this fact that the anomaly is inherited.^ The 
fact that I have frequently observed such fasciations in 
my own cultures of Cucurbita supi)orts this conclusion. 
In Artemisia Absynthium also, fasciations are sometimes 
very common as I observed in 1883 (Fig. 115), 1887, 
1888, 1889 and 1890, and the phenomenon was repeated 
from seed in 1889 and 1891.- The remarkable forms 
which the fasciated branches of this species so frequently 
assume offer a profitable subject for future inquiry. 

§ i6. EVERSPORTING VXRIETIKS WITH MERITARLE 
r'A.SCIATlON. 

Some wild si)ecies produce, in certain districts at least, 
a much higher proportion of fasciated examples than 
others do. According to my experience, such cases sug- 
gest the occurrence of heritable races, the individuals 
of which are mixed with those of the normal species or 
occasionally occur by themselves alone. So far as I am 
aware, such races do not consist exclusively of fasciated 
plants, but f)artly of these and partly of normal ones. 
Without cultivation the latter cannot be distinguished 
from the nonnal plants of the vSpecies in question, and 

'N. Mez7ana, Sopra un caso di fasciaAonc ncl fusto d\ Cuenr- 
bita Pepo, Bull. d. Soc. Bot. Italiana, Florence, 1899, pp. 268-273. 

^ Botan. Jaarb. Gent, 1894, p. 97. 
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therefore we can not directly see whether both races or 
only the first grov/ in the particular locality; but their 
great rarity points to the mixed condition. 

The heritable races which have hitherto been found 
and isolated in this way, benave like ev^ersporting vari- 
eties inasmuch as each geaeicvtiun consists both of fasci- 
ated individuals and of atavists. even under conditions 
of the most stringent selection. Moreover the proportion 
of these two iv pes appears to be jiretty constant, at least 
under similar conditions of life. As a rule, there are 
about 40% fasciated individuals and 60% atavists. Higher 
percentages of the former occur only under favorable 
circumstances, whilst the proportion of the latter very 
easily increases under unsuitable conditions of culture, in 
spite of selection. 

The first instance that I shall describe was afforded 
by Crcpxs bictinis, an exclusively biennial plant,’ fasciated 
stems of which have been frequently observed in various 
localities in Holland. The starting point of my culture 
ermsisted in two fasciations. which I found in May 1886, 
in a meadow near Ililversum, amongst hundreds of 
normal plants of Crepis, The broadening of their stems 
was small and limited to the top. I collected ripe seed in 
this meadow in June, but from normal plants only. 
Whether all or only some of these belonged to the ever- 
sporting race I was in search of could, of course, not be 
determined then. 

This seed furnished in the following year about one 
hundred plants, of which thret were already fasciated 
in the rosette stage, whilst in the following year nine 
more of them developed more or less flattened stems or 
branches. The total proportion, therefore, was 12%. 
In order to make perfectly sure, I retained only the first 
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mentioned specimens as seed-parents and destroyed the 
rest before they flowered. 

These three plants therefore formed the beginning of 
my race. Denoting the wild specimens of 1886 as the 
first generation, the second grew in 1887 and 1888, the 
third in 1889 and 1890, and so on. This third one con- 
sisted of 120 plants, of which 48 or about 40% already 
exhibited a comb-shaped linear growing point in the 
heart of their rosettes in the winter. This comb was in 
some specimens as much as six centimeters long. I se- 
lected the three finest fasciations as seed-parents and re- 
moved the rest l3efore flowering. The fourth generation 
raised from this seed produced a slightly lower propor- 
tion of fasciations, containing, as it did, only 30% of 
them. In the fifth generation a further reduction took 
])lace, viz., to 24%.^ The sixth generation (1895-1896) 
was veiy rich in fasciations, and in ten plants out of the 
40, produced a growing comb of from 4 to 7 centimeters. 
Unfortunately the remaining fasciations of less degree 
mostly died in the winter before they were recorded, so 
that an exact percentage value can not be given. Never- 
theless it was obvious that the character of the race had 
been displayed oftener than in the previous generation. 
In the following, viz., the seventh generation, I also re- 
corded only the expanded rosettes before the winter, and 
found ten of them amongst 49 plants, that is about 20^ . 
The eighth generation was not sown till 1902, and only 
on a very small scale. The combs became visible during 
the winter 1902-3. 

If we summarize the results which we have descril>ed, 
we see that the seed collected in the field, without selec- 
tion, gave about 12 % fasciated offspring, whilst the seeds 

^Botanisch Jaarhoek, Gent, 1894, p. 80, and 1897, p. 66. 
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of the best cultivated individuals gave values l)etween 
10 and 20%, in the course of the five generations which 
followed. These would probably have been higher if 
the cultures had been larger and the external conditions 
more favorable, and espcctahv if a closer search had 
been made for smaller fascialumb on the lateral branches. 
We may therefore regard the constitution of this rac? 
fairly constant undco normal conditir)ns, and put it on the 
average about 30-40%. 

No doubt, this figure is somowliat lower than the 
normal value of tricotylous intermediate races which wc 
described in the second chapter oi this part. In that 
case the value was about 55%; but thi.s difference does 
not .seem to be of great significance, especially wlien we 
remember that tricolyly is already ^'.etermined in the .seed- 
lings, whilst a long jieriod of time ela])ses between the 
ripening of the seed of the fasciated plants and the mani- 
festation of its character, during which jicriod all sorts 
of external influences may lx* affecting the result. 

A second difference Ixilween tricotylous and fasciated 
races also demands brief notice. In the former, .selection 
soon led to a transgression of the original normal value; 
and values of 70 to 90% were oficn reached or even sur- 
passed without much trouble. In the fasciated races, 
on the other hand, it is very difficult to raise the value 
above about 40%. The explanation of this seems to me 
to be as follows : In my tricotylous races a twofold se- 
lection took place, inasmuch as, f^^-st, the tricotylous in- 
dividuals were .selected for subsefjuent cultivation, and, 
secondly, a selection was ba.sed on the proportion of tri- 
cotylous individuals amongst their .seeds. By the selec- 
tion of the parents with the highest hereditary values, 
this value it.self was .seen to increase in the following 
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generation. In the fasciated races, on the other hand, 
we are obliged to limit our selection to the best represen- 
tatives of the anomaly; but there is no further reason 
to *suppose that these also possess the highest hereditary 
values. Thus, an essential part of the selective process 
as applied to the tricotyls is omitted in this case. This 
is mainly due to the imi)ossibility of calculating the hered- 
itary values in the seed pans, and the fact that these 
would need cultivation on a very large scale in the gar- 
den. In order to calculate the hereditary values for only 
20 seed-parents from lots of only 100 offspring each — 
and even this would hardly give reliable results — 80 
square meters of the garden would have to be devoted 
to Crepis, and this can scarcely be done in an ordinary 
garden. It is to be hoped that institutions will soon 
be erected where such determinations can be carried out.^ 

Besides Crepis biennis I discovered one or two other 
species behaving in the same way and succeeded in rais- 
ing eversporting varieties from them.- The first to be 
mentioned is Aster Tripolium, of which I obtained a 
splendid fasciated example with rii)e fruits in the autumn 
of 1900, from this neighborhood. At first I grew the 
plant as an annual and reached only a low proportion of 
fasciated individuals as a result of this. The figure was 
7% for the fourth generation. In the fifth generation, 
however, in the summer of 1894, the plants were sub- 
jected to better treatment, and more than half of them 
produced fasciated stems, amongst which many were 
more than 3-4 centimeters broad. I shall deal with 

My experimental garden contains 75 beds of about 4 square 
meters each. 

* Fotanisch Jaarhock, Gent, 1804, and Bull SdentiHque de la 
France ct de la Belgique, public par A Giard, XXVIT, 1896, p. 402, 
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Geranium molle fasciainm in the !iext section. Of this 
race, one-third consists, as a rule, of individuals with 
fasciated branches In 1895 I was growing its sixth 
generation. 1 have also cultivated six generations of 
Taraxacum officinale fasciatnm, Th's species, as a rule, 
produces 30%, and somethncs more, of fasciated individ- 
uals. Beautiful instances of lasciation have been fur- 
nished almost eveiy year, since 1885, by Teiragonia ex- 
pansa in the botanical garden in Amsterdam, au<l the 
proportion of these was, in the fourth and fifth genera- 
tions after isolation, slightly over 50%. 

The same general beliavior was observed in my fas- 
ciated races of Thrincia lufia, Vercuiica longifolia, Hes- 
peris niairoiialis, Picris hieracioidcs etc. 

I'rom these data we may draw the general conclu- 
sion that such races, after having been isolated and sub- 
jected to good treatment, and by the selection of the 
finest instances of fasciations as seed-jiaients, consist of 
a little less tlian one-half of fasciated individuals, and of 
a little more of apparently normal, atavistic, plants. This 
proportion, however, depends to a large extent on ex- 
ternal conditions. By means of suitable cultivation it 
can be considerably increased, Imt on cessation of this 
care it soon sinks to quite low values. 

Many of the known instances of fasciations probably 
lx?have in the same way. I^"or instance Koknickk has 
grown for many years a perfectly constant race of a 
fasciated pea (Pismn sativum) it: Poppelsdorf, and Rim- 
PAU has informed me that he cultivated this fasciated 
race from seeds during several years in good garden soil 
and found it constant. The result of sowing the seed 
of Sediim reflexiim crisfafum fVol. I, p. 183), in this 
garden, was the reappearance of the abnormality in large 
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numbers. To this group, also Asparagus officinalis and 
several other species seem to belong. 


§ 17. THE SIGNIFICANCE OF THE ATAVISTS. 

As we have seen in the first section of this chapter 
(page 490) a proj^er understanding of what is meant by 
atavism is a necessary basis for the discussion of our 
appreciation of the inheritance of fasciations, and of 
anomalies in general. Here, the atavists are not indi- 
viduals which step out of the race; on the contrary, they 
are to be regarded merely as specimens in which, from 
some external cause or other, the anomaly is not mani- 
fested during their lifetime. In the selection for the 
continuation of the race they are, of course, not usually 
jireferred, but as a matter of fact they may serve just as 
well for this purpose as the fasciated individuals them- 
selves. 

Extensive investigations are still to be carried out 
before a complete and proper understanding of the prin- 
ciples which underlie these phenomena can be attained. 
The knowledge however, Mdiich we already possess, ap- 
pears to me to be sufficient to demonstrate the correctness 
of the generalization just enunciated. In the first place 
1 mentioned the remarkable fact that the anomaly can re- 
main latent during a whole generation without disap- 
]>earing forever or even becoming noticeably diminished. 
Sometimes indeed two or several generations can be 
skipped in this way. Let me give some instances as proof 
of this.^ In the fall of 1887 I collected some seed of 
Tetragonia cxpansa from fmits on very broad stems and 
obtained, in the following years, 1888-1890, three further 

’ Botatitsch Jaarhoek, Gent, 1894 . 
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generations which produced a greater or les:> nunil)er of 
fasciations. The seeds of the finest fasciations uf 1890, 
however, produced nothing but normal plants in 1891 
whicii did not exhibit the anomaly, even on a single 
lateral branch. I'hey were w:ak plants and it looked 
as if the anomaly were lost once and for all; but se^*ds 
of these plants produced in the following year, 1892, 
fourteen plants, oi which seven were fasciated. Six 
of them had 1 — 1 — 2 — 2 — 3 — 3 broadened slenis, jmd 
one plant had as much as four large fasciations. More- 
over the lateral branches were so much affected by the 
anomaly that I found about one-tlurd of them to be 
modified in this way. Since that time the anomaly has 
remained constant in this strain. In the third generation 
of my race of Amarantns spcciosus (1891) the fascia- 
tions were also absent, but returned in the -fourth and 
fifth generations in 30 and 50% of tlie individuals. In 
Helianthus annuus they were also absent from the third 
generation (1889), whilst the fourth contained aljout 
20% of fasciated individuals, and the anomaly has since 
remamed constant. In the maize I o1)served fasciati^d 
ears in 5 ? cultivated race in the years 18<S8, 1889, 1892 
and 1893, but not in the generation of 1891, Iietween 
these. From the seed of a very broad stem of Picris 
hieraciotdcs (1887) I raised three generations under 
unfavorable conditions, and they did nf)t produce a trace 
of the anomaly on many hundreds of l>ranches and stems 
It was not until the fourth genet ition that the anoinaK 
reappeared, although only to a slight extent. Besides 
this strain I have cultivated a rare of biennial individuals, 
and these have presented fine instances of fasciations in 
greater or less abundance in every generation.^ 

'Revue generalc hotaviQUC, i8o9/ Vol. XT. d 136. 
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In the summer of 1895 I isolated some of the atavists 
of my race of Crepis biennis described above, before they 
flowered.^ The seeds were sown in the following year 
and produced over 350 plants. About 20% of these ex- 
hibited the comb-like structure in the center of the ro- 
settes, and this line sometimes reached a length of five 
centimeters. Thus we see that the seeds of the atavists 
may produce fasciations in about the same quantities as 
do the selected fasciated individuals. Inasmuch as the 
monstrosity frequently lowers the strength of the plant, 
it might perhaps even be advisable to choose the seeds 
of the atavists or of individuals which are only fasciated 
on tlieir lateral branches. 

A further proof of the view that the atavists are only 
fasciated individuals with their character in a latent con- 
dition is afforded l)y experiments on the effect of thor- 
ough manuring. For the individuals which under normal 
favorable circumstances l)ehave as atavists can be in- 
duced by it to a relatively considerable development of 
fasciations. In 18^)5 I made such an experiment with 
my strain of Crepis biennis fasciata which then contained 
some 20 to 40^?' of fasciated individuals every year. I 
manured a grouj) of 41 j)lants with an abundance of horn- 
meal. At the time of ripening only six of these lacked 
the anomaly, i. e., 85 9? instead of 40^/r were fasciated. 
The plants stood fairly close together, at distances of 
al>out 20 centimeters apart. If I had given them enough 
room I should probably have succeeded in inducing the 
anomaly in every one of them.^ 

The fasciated commercial race of Cclosia cristata, 

‘ Botanisch Jaarbock, Cent, 1897, p. 66. 

^ Bot jnisch Jaarbock, 1897, p. 66; and Bull. Scientif., loc. cit, 
Vol. XXVIl, p 
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generally known as the coxcomb, is peculiarly well suited 
for an investigation of atavism. The great combs pro- 
duced by this favoiite garden plant are merely the se- 
lected well treated and highly nourished individuals, i e., 
the extreme plus variants of th i race. All the rest are 
thrown away in their early stages by the gardener; but 
if we wish to know how the race really behaves, we mast 



Ing. ii6, Cclosia cristata. An almost entire plant under 
poor treatment. Top comb-sliapcd but small; most of 
the lateral branclics were also broadened at their tips. 


make sowings ourselves and plant out all the individuals 
without selection, and cultivate them further. It is well 
known that in this way we obtain numerous plants with 
branched stems and with a much lower degree of the 
anomaly (Figs. 116 and 117). By the selection of these 
minus variants for further cultivation one might expect, 

'For the mode of cultivation suitable for this variety see Mul- 
ler's Deutsche Gartenaeitung, 1892, p. 200. 
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as Solms-Laubach suggests, to ultimately obtain the un- 
fasciated original form of this highly modified plant.^ 
But according to the view laid down in this book, a mu- 



tation would be necessary for this ; 
and, so far as we know, these ap- 
pear only very seldom and fortui- 
tously, unless we happen to meet 
with a plant in a mutational period. 

During the years 1893-1897 I 
endeavored to obtain a race devoid 
of fasciations, but in vain ; and in- 
asmuch as the general rule is that 
favorable circumstances increase 
the production of the anomalies, 
and as correspondingly the worst 
nourished and weakest individuals 
have always lx)rne the smallest fas- 
ciations. I was ultimately obliged 
to give up the experiment, because 
iny strain gradually became very 
much debilitated without, however, 
l)ro(lucing the desired result. 

In 1893 I raised about fiftv 


Fig 1 1 7, Crlosia cris- 
faia. 'Pop of a plant 
alK)iit ’ 2 meter liigli ; 
tile stem was mncli 
branched and its in- 
tlorescences were ear- 
shaped hutmostlx with 
comh-shaped lop^. 


plants from bought seed, but did 
not make any detailed record of 
them. Most of them produced 
combs in every degree of devel- 
opment,- but usually of small size, 
5 — 10 centimeters broad or less. 


Ml Soi M>-1 , fipf Zeitung, igcx), p. 42 

1 * of the fasciation is the median plane of the cotyle- 

dons; and this is also the case in Cref^is biennis. This fact might 
he used as a starting point hir an inquiry into the ontogeny of fas- 
ciations. 
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Six plants had a teiniinal spike ai the top of the main 
stem with a small comb, in six others this comb was ab- 
sent, although small fasciations occurred liere and there 
amongst the lateral branches. These six plants were 
selected as seed-parents, and fnmi thei * seeds I obtained 
the second generation (1894), in whicl; about half the 
individuals bore terminal spikes vvnthoul a comb. I'herc 
were 41 of these. I he remaining 53 had combs ranging 
from 1-3 centimeters broad and were thrown away. Of 
the selected atavists, several produced lateral comiis later, 
and each one of these ])lants was destroyed as s(jon as 
I discovered the anomaly, until at the end of the harvest 
period there were left only rive jilants which, though 
profusely branched, manifested no trace of fasciation. 
In the following year there were 29 plants with small 
combs and 6 without any at all; these latter were again 
isolated as seed-parents. In 1896 I had 38 individuals, 
all of which, without exception, produceil combs, the 
length of which ranged between 2 and 8.5 centimeters 
with a mean of 4.5. Only one plant had no comb at the 
apex of the stem ; but had a much flattened lateral branch 
instead. This, and the plants with the smallest terminal 
combs, were selected as seed-parents. Again, in the 
following year (1897), no progress was made, inasmuch 
as only a single weakly individual failed to produce a 
comb. Therefore I gave up the experiment and I con- 
clude that complete atavists are very rare in Cclosia 
cristafa and that even under repe .ted selection in the 
inintis direction they will only be obtained in very small 
quantities. At present at least there seems not to be any 
prospect of obtaining a pure atavistic strain. 

The experiments I have descril>ed show that, as a rule, 
there is no sharp limit between the fasciated individuals 
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and the atavists. This fact can be illustrated by statistical 
examination of the material, provided it can be made 
sufficiently large by cultivation. As an example of this 
I may again cite my race of Crepis biennis fasciata.^ 

In order to obtain a pure curve, I sowed the seeds 
of a single broadly fasciated individual of the third gene- 
ration of my race (1890) in March 1894. The plant 
had flowered together with two other fasciated individ- 
uals of the same ancestry, but this little group had been 
completely isolated. The seeds were sown in pans in the 
greenhouse and afterwards planted out at suitable dis- 
tances in the bed. Whilst still in the rosette stage many 
of them produced in the first year a comb-shaped heart. 
Others did not exhibit fasciation until the stem began to 
develop in the second year. Still others had not produced 
a single comb at the time when all their branches were 
fully developed. The external conditions had been as 
favorable as possible, so that I obtained a relatively high 
proportion of fasciated individuals. When I examined 
the plants in June of the second year, I obtained the fol- 
lowing result : 

Stems without fasciation 33 

" with slight fasciation at the top . 9 

“ fasciated along their whole length 108 

Total 'Iso 

The breadths of the stems of these latter 108 plants 
were distributed as follows : 

Cm. 2 3 4 5 6 7 8 9 10 11 12 13 14 19 

Ind. 9 9 4 11 11 11 13 IS 11 6 3 3 1 1 

The numbers are plotted in Fig. 1 18 in the form of 
a curve. In this curve 0 indicates the group of 33 ata- 

'Sur Us courbes Galtoniennes des monstruosit^s, BulL Scientif., 
public par A. Guro, XXVII, 1896 , p. 396 . 
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vists, 1 the nine plants with cylindrical stems and slight 
broadening at the top; whilst 2-20 denote the breadth 
of the stems in centimeters 

T he curve is seeJi to have two peaks, one of which is 
formed by the atavists (a), fbe other by the fasciations 
of mean breadth, i. e., of about nine centimeters. Ex- 
pressed in words, the result is that transitions l>etwee!i 



Ct>i. 


Fig. ii8 Crepis biennis fasetaia. A curve representing the 
breadth of the mam stems of all the individuals of my 
culture of 1895. The numbers under the base line indi- 
cate the breadth of the stems in centimeters, o, stem 
round; i, stems only flattened at the upper end; 2-20, 
stems flattened along their whole len^h. The height of 
the ordinates gives the number of individuals. Total 
number of individuals 1^0. a, the peak of the atavists; 
b, that of the fasciated individuals.^ 

the fasciated individuals and the atavists do occur, but are 
relatively rare. The race prod’.ces by preference the 
two pure types, and the same thing is seen to happen in 
chance fasciations and in many other monstrosities. I 
call to mind the relative rarity of hemi-tncotyls and hemi- 
syncotyls, both in the wild state and in the tricotylous 
^ Bull, Scientif,, loc. cit, Vol. XXVII, p. 397- 
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and syncotylous races described in the first two chapters 
of this part. 

Similar results may be obtained with other fasciated 



Fig. I IQ. Geranium mollc fasciatum. Fasciated branches 
with broadened and split fruits, a, b, c. 

races. Thus I obtained in the fifth generation of my fas- 
ciated race of Aster Tripolium, under biennial culture : 

WITHOUT FASCIA TION WITH FASCIATION 

Cm. — 1 2 3 4 5 6 

Individuals 16 2 6 8 1 1 1 
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The curve representing these 35 plants would have 
a distinct peak representing the atavists and another cor- 
responding to the fasciated individuals of the average 
breadth of 3 centimeters.^ 

In Geranium malic fasci^tum t!ie variation of this 
character prove(^ after a siatisiical examination of the 
material to he representeci by a mriny-peaked curve. This 




Fiff. 120. Geranium mollc fasciatum. a, fruit containing 
6 single fruits; h, sjiht into one group of 4 and one of 
5; <, split into three groups coiu«nnng 5- 7 and 5 single 
fruits; d, one group has 16 and the other 5 divisions of 
frnii and stigmas; e, fruit witli 33 divisions and stigmas 
(iHdS). 

race- is remarkable from the f.act that the stems liave, 
as is well known, a symjK)dial structure (Fig. 119), 
Therefore the anomaly affects, • s a rule, one member of 
the sym|X)dium only; but sometimes it extends to two 
or more adjacent ones. These are again succeeded by 
atavistic meml>ers. Each part terminates m a flower, 

* Revue gSnerale de botanique, 1899, Vol. XI, p. 143. 

* Botanisch Jaarh. Gent, 1894, p. 81 ; and 1897, p. 67. 
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In the fasciated parts these flowers are broadened and 
usually more or less divided, the fruit sometimes form- 
ing a flat structure (Fig. 120^), with or without one or 
two lateral fruits in the same flower (Fig. 120 c and d). 
Often these latter are pentamerous. Lastly the whole 
fruit can be split into two or three nearly equal parts 



Fig. I2I Geranium moUe fasciatum. Curve representing 
the number of sections of the fruit in the individual 
flowers of the sixth generation, June 1895 ; a, number of 
normal flowers far above 100; number of flowers with 6 
to 23 stigmas, 120. 

(Fig 120 6). In these various types of splitting there 
seems to ht a tendency to the production of whorls of five, 
and the lateral flowers nearly always present this number. 

My race began with a specimen found wild in 1888 
and in the third and fourth generations produced 25 to 
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30% individuals with fasciatious. In the two following 
generations they were much more abundant. In the sixth 
there were 65% fasciated specimens, in a culture of 220 
pla^.ts, and these afforded me sufficient material for a 
statistical examination. For this purpose I collected, 
shortly before the ripening of the seed, all the al>errant 
flowers from a certain number of plants, and counted the 
number of the dixisions of the fruit or that of the stig- 
mas of 120 individual flowers taken at random. The 
figures which I obtained were as follows: 

NUMBER OF 

Stigmas 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Flowers 13 0 4 5 10 15 2 2 10 15 6 3 7 5 9 3 1 I 

I did not count the normal flowers, but their number 
far exceeded that of the whole group of the fasciated 
ones. In the curve in Fig. 121, in which the above series 
of figures is graphically displayed, the apex representing 
the atavists is therefore only formally indicated. The 
secondary peaks fall at 11 (10), 15 and 20 pistils, and 
the normal pentamery of the flowers is thus clearly re- 
peated in these multiple figures.^ 

Besides illustrating this curious fact, the curve shows 
that low grades of fasciation are relatively rare and that 
atavistic and normal flowers constitute two distinct 
groups, although connected by intemiediate stages. 

Let us now summarize the conclusions we have come 
to in regard to fasciated eversporting varieties. 

1. The races always consist of fasciated individuals 
and atavists. 

2. The proportion of the former varies greatly, of- 
ten amounting to only 40% or less, but not infrequently 

*A further inquiry into this point is, in my opinion, urgently 
called for. 
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to more {Geranium and Crepis with 65% and 85%; 
Celosia cristata). 

3. The fasciated individuals and the atavists are con- 
nected by transitional forms, which are, however, rare; 
and the statistical curves representing them have there- 
fore two apices. 

4. These proportions are to a large extent dependent 
on external conditions of life, which can transform ata- 
vists into fasciated plants and vice versa. This trans- 
formation obviously takes place during the plastic period 
in youth, before tiie character in question is actually de- 
velo])ed. 

5. The atavists, as well as the selected individuals, 
produce fasciated offspring, and often in jn'oportions very 
little lower tlian tliose in which the selected individuals 
produce them. They may therefore he used for the per- 
petuation of the race. 

6. Between the broadened specimens and the atavists 
there is no essential or fundamental difference, in spite 
of the great difference in their external forms. 



IV. HERITABLE SPIRAL 1'ORSIOXS. 

(Plate VI ) 

§ iX. TllF SPIRAL DISPOSITION OF I'HF LEAVES. 

In the case of spiral torsion ilic (liffercncc between 
normal and abnormal individuals is far more striking 
than in that of fasciations. l^alcriiua officinaiis is one of 
the best known and the most frequently ligured instances 
(Fig. 122). Here the whole stem, instead of growing 
to a height of more than a meter* can be reduced to about 
a decimeter, and becomes more or less funnel-shaped. 
Low down the leaves arc disposed spiraPy, but higher up, 
tlie spiral gradually becomes steeper, until, in the ex- 
panded upper part of the funnel all the leaves arc directed 
to one side like a fan. The terminal inflorescence sur- 
passes the liigliest lateral flowering branches very hitle 
or nr)t at all. 

By no means every stem of the spirally twisted ])lant 
manifests the anomaly. On the contrary, very few of 
them do as a rule. Since 1889, I have had a specimen 
which has gradually increased by runners and now rovers 
an area of several srpiare meters in the botanical garden 
of Amsterdam. It produces spiral tc>rsions every year, 
))ut they are rare, and, as a rule, there are not more than 
two or three among several hundreds of normal stems. 

The same rarity is seen in the inheritance of the 
anomaly, both in Valeriana and other species: as a rule, 




In consequence of this rarity the belief prevailed, 
up till about 10 years ago, that these torsions were not 
heritable. The general view was that they were induced 
by special external influences which operated immediately 
upon the individual every time the anomaly arose. At that 
time the experiments which I had made with a twisted 
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Fig. 123. Dipsacus sylvestris torsus. Two spirally twisted 
main stems, w, root ; r, stem with the scars of the radical 
leaves and at i — 5 the windings of the spiral ; g, stalk of 
the terminal inflorescence; A, leaKspiral left hand, stem 
right hand; B, leaf spiral right hand, stem left. Stems 
thickened and hollow. 
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race of Dipsacus sylvestris torsus, during over thirteen 
years, together with a long series of further observations 
on the inheritance of this anomaly in other plants, have 
proved that this character is as heritable as other anomalies 
are. Plate VI gives a view of a culture of this race, re- 
produced from a photograph of one of my beds. 

Real spiral torsion only occurs in those species which 
normally have a decussate or whorled disposition of the 
leaves. It consists in the substitution of a spiral arrange- 
ment for this. The leaves arise from an unbroken spiral, 
along which they are attached to one another more or 
less closely to their bases (Fig. 123). This close spiral 
is sometimes interrupted and normal internodes are inter- 
calated in the twisted part. Not infrequently the torsion 
is limited to a greater or a lesser part of the stem (com- 
pare, e. g., below Dianthus, Fig. 129). Indeed no sin- 
gle stem is completely abnormal from the very beginning. 

As might be expected the fusion of the base of the 
peduncles into a continuous band results in an inhibition 
of the longitudinal growth of the stem. The internodes 
cannot elongate normally, and as they strive to extend, 
they partly unwind the leaf spirals. In consequence the 
s])iral l)ecomes steeper and not infrequently unwinds so 
much in the upper parts of the stem, i. e., those parts 
whicli normally grow in length, as to become a straight 
line. When this occurs the leaves and their axillary buds 
arise in a longitudinal series on one side of the stem 
( Fig. 122). Obviously this can only be reached by the 
stem twisting itself in the opposite direction to that of 
the leaf-spiral (Fig. 123). Inside the twisted stem, 
if it is hollow, the diaphragms which normally occur at 
the nodes, do not exist as such, but are united together 
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to a continuotis screw-like band which corresponds ex- 
actly to the leaf-spiral on the otiter side. 

Twisted stems look as if they ve?“e inflated (Figs. 
122 and 123), and are much thicker than the normal 
stems of the same species. T^ongit idinal growth has, 
so to speak, been changed into a tangential growth, as 
ihe course of the otherwise verti<.al ribs clearly sliows 
ill our figures. 1'he longer the particular int(‘rnodes on 
the normal individuals are, the broadei are the corresjKaid- 
ing ])arts on the twisted ones. Jn this way the funirrl 
shape of tlie twHsted Valerian, as well as other specific 
and local differences, are easily explained. 

From this we see that a right-hand torsion of the 
stem (mounting in the direction of the movement <»f the 
hands of a clock) must I^e associated with a left-hand 
leaf-spiral and vice versa (Fig. 123). 

The explanation here given was first suggested by 
Braun, and later demonstrated by Kiebahn, by the 
microscopical examination of the top of the stem of a 
twisted Galium.^ It can now^ easily he confirmed l)v 
e\'ery one on the material afforded by my heritable races.- 

In Dipsaciis sylvestris tarsus the vS])iral arrangement 
of the leaves can be detected towards tlie end of the first 
Slimmer in the heart of the rosette of radical leaves, whili 
the naked eye, and wo’thout any damage to the jilrint. 
After germination and in the earlier stages the leaves 
are decussate (Fig. 124 A) in all the plants with very 
rare exceptions ; it is not until la^er that this arrangement 

*Al Braun, Monatsher d k, Akad. d. IVtss., Berlin, 1854, P 
440. See Bot Zeitung, 1873, p. 31 ; H. Klebahn, Ber cl. d. hot. Ges , 
Vol. VI, p. 346. See also Ueber die Erblichkeit der Zwangsdrehungen, 
same journal, VoL VII, p. 291. 

*For the literature of the subject see Monographic der Zwangs- 
drehungen, Jahrh, f. wiss Bot , Vol. XXIII, 1891 
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is changed into the spiral one, and in different individuals 
this occurs at varying ages. If a transverse section of 
the plant is then examined under high power, at the 
level' of the growing point, the spiral arrangement of the 
leaves can easily be seen. Taken later, i. e., during the 
elongation of the stem, such transverse sections have still 
more or less the same appearance (Fig. 124 B). The 
outer leaves of this figure have been cut through their 
lower parts where they are fused laterally with one 
another; their left-hand spiral can easily be followed 


A 


B 



Fig. 124. Dipsacus sylvestris torsus. A, a transverse sec- 
tion through a seedling a little above the growing point 
showing the normal decussate arrangement of the 
leaves; c, c\ the cotyledons; B, a transverse section 
through the still young point of the stem of a twisted 
individual with spiral arrangement of leaves. 


in the figure. The subsequent leaves were still very 
young and were therefore cut across their upper free 
parts, but are nevertheless obviously arranged in a spiral. 
The three youngest leaves do not seem to form part of 
the spiral, but a trimerous whorl, such as very often 
occurs in the upper part of the stem of twisted speci- 
mens of Dipsacus If the angle of divergence of the 
leaves is measured it usually corresponds pretty closely 


The Spiral Disposition of the Leaves. 533 

to one of the ordinaiy types of leaf arrangement, (e. g., 

%). 

In the rosettes of radical leaves, where the internodes 
do not lengthen, the spiral disposition of the leaves does 
not involve any further disturbance. The leaves simply 
grow out and retain their original position. But when, 
in the second year, the young inttrnodes begin to elon- 
gate, this cannot hapj^eii equally on all sides of the stem, 
l)ecause the line of attachment of tlie leaves act? as a 
check. In consequence of this the stem must twist and 
unwind the leaf-spiral, the angle of divergence between 
successive leaves becoming gradually smaller. The num- 
ber of windings decreases, and on the other hand, the 
numbers of leaves on a single section of the spiral (i. e., 
from a given point on the stem to another vertically 
above it) increases, as our Fig. 123 clearly shows. 

Spiral torsion is, therefore, a mechanical result of the 
loss of a single character, the decussate arrangement of 
the leaves. Once this is lost, the ancestral spiral dispo- 
sition steps in, but now accompanied by peculiarities in 
the structure of the basal parts of the leaves, which on 
normal plants never occur independent of an arrangement 
in whorls, since they can only, so to speak, agree with the 
normal structure of plants with this arrangement. There- 
fore, in my opinion spiral torsion is due to a retrogressive 
transformation of the decussate arrangement of leaves. 

That it is a mechanical result can be proved by ex- 
periment; all that is necessary is to remove the cause of 
the twisting at an early stage, by cutting through the 
leaf spiral. If this is done carefully, the general growth 
of the plant is not interfered with, but the torsion will 
be locally inhibited, or, more strictly speaking, does not 
appear at the place operated on. Thus a straight inter- 
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node will become intercalated in tht middle of an other- 
wise twisted stem. This can easily be seen in Fig. 125 
at^a^ ill the gaping wound and in tlie vertically ascending 
longitudinal ribs. Sometimes nature itself makes a simi- 



Fig. 125. Dipsacus sylvcstris torsus. 
The two leaves a and b of the twisted 
stem have been separated from one 
another in earliest yc^th by a cut: 
between them is seen the gaping split. 
The one leaf, b, is situated now about 
2 centimeters higher than the other, a. 
Above a the stem has remained straight 
for more than 2 centimeters. Some of 
the lower leaves were removed before 
photographing in order to sliow the 
important parts more clearly. 


lar experiment, and longitudinal growth tears the leaf- 
spiral in one or two places, without, however, making 
so deep a wound as results from an experiment. The 
result of such a natural experiment is a straight internode 
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of normal length, for' instance of a decimeter or more, 
in the middle ot a twisted stem. 

Like other anomalies ..pira! torsions are to a very 
large extent dependent t»n external conditions. Under 
unfavorable treatment the i.^aanaly may be almost en- 
tirely absent, even from cultures troni seeds which other- 
wise would gi^'e rise to a third or more of individuals 
with fine spiral torsions. The experhnents which I have 
made on this point with Dipsaens sylveslris torsns and 
wliich liave been confirmed by the results of my ex|K‘ri- 
nients with other sjxicies. seem to justify the following 
conclusion.^ 

11u: more favorable the conditions of life and the 
more vigorous therefore the growth, the greater will be 
tlie propcntitlli of beautifully twisted plants in a given 
culture, and the more complete will be the torsions which 
are produced. ‘ 

The most important of thCvSe conditions is the space 
given to the individual ])lants. They ought iK)t to be 
sliaded by one another nor touch one another. More 
llian 20-25 plants should never l)c grown on a S(|uare 
meter. Grown thus they nevertbrless stand in close con- 
tact in autumn, and it is obviously still better that no 
more than 10-15 plants should occupy a sfjuare meter. 

I 'ewer torsions are producecl on a given area when 
the plants are crowded than when tlfe distances between 
them are greater. No useful purpose is therefore served 
by increasing the number of plants on the same l)ed. If 
nevertheless this is done the twnsted individuals will l)c 
found almost exclusively along the edges of the I)ed. 

The time of sowing the vSeed is a ])oint of considerable 

' On Biastrehsis in Its Relation to Cultivation, Annals of Botany, 
Vol. XIII. 1899, p. 395 
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importance, inasmuch as it determines the length of the 
life of the plant up to the moment of the production of 
the stem. The longer this period continues under favor- 
able circumstances the greater is the likelihood of the 
leaves becoming spirally arranged. 

Sowings, made in summer or early autumn, which 
gave rise to stems in the next year, reduced the prospect 
of obtaining torsions almost to nil. On the other hand, 
autumn sowings which do not give rise to stems until 
the summer after the next, contain very large numbers 
of twisted specimens; so that if the seeds are sown late 
in the autumn the proportion of plants with a spiral ar- 
rangement of their leaves is even greater than amongst 
plants raised from seeds sown in the spring. 

Little effect is produced upon the result of a culture 
by sowing in March or in April or even in the begin- 
ning of May. Also it does not matter much whether 
the sowing is carried out in the greenhouse in pans and 
the seedlings planted out later into the beds, or whether 
the seeds are sown where they are to grow. For various 
reasons I have for many years preferred the former 
method, as it is more convenient and safer, especially in 
dry springs. 

A good loose soil with a strong manure rich in nitrates 
seems to be an essential condition. On unmanured sandy 
soil even the best seeds do not produce twisted individuals, 
and on hard or barren soil the proportion is considerably 
diminished. 

It is possible to confine the cycle of life of Dipsacus 
syhestris tarsus within the limits of a year by sowing 
the seeds under favorable circumstances immediately 
after they are ripe. In this way a generation can be 
grown every year, and an annual twisted race might pos- 
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sibly be raised by election. At present, however, the 
annual habit and the torsion are mutually exclusive, the 
anomaly being represented on the stems of such plants 
cither not at all or as faint indications only. 

§ ig. RARE SPIRAL TORSIONS. 

From time to time spiral torsi ns are also found on 
wild and ctiltivated plants under conditions which make 
it impossible to make any other observations on the in- 
heritance of the anomaly than that they occur relatively 
frequently on the several branches of the same plant or 
in more or less numerous examples in the same locality; 
or recur during the course of several years. They may 
be found in dozens in IVeigeha amabilis, and are also 
well known in several si)ecies of Galium. In Galium 
verum and G, Aparine I have collected them in this 
neighborhood. Equisetum is also a well-known example, 
which deserves special mention as belonging to the vas- 
cular cryptograms as well as on account of its peculiar 
leaf-whorls. Our figure 126 is photographed iri)m a 
stem which Dr. Th. Weeveks found near Nymegen in 
the summer of 1900. Here it grew among several other 
instances of torsion in the same species. Casuarina also 
sometimes forms such anomalies on its branches; for 
instance, several occurred in 1897 in the botanical garden 
of Amsterdam (Fig. 127 a). 

In the first chapter of this part we have .seen how, 
as a result of the correlation between various abnormal 
types of leaf arrangement, the selection of tricotylous 
seedlings often leads to the discovery of spiral torsions 
in species from which otherwise they can be obtained 
only very rarely. As instances of such species I may 
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recall Dracocephalum moldavicum (Fig. 74, p. 369), 
Asperula azurea, Centranthus macrosiphon and especially 
MeHurialis annua. In the latter species these malforma- 
tions appeared almost every year and often in consider- 



Fig. 126. Equisetum Tclmatcja. Spiral torsion of an 
erect stem. 

able numbers, in iny tricotylous and syncotylous races 
(Fig. 96, p. 464). 

Unless direct experiments in isolation have l)een made 
it is impossible in the majority of cases to l>e certain 
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whether the race w" are dealing with is a half or an nitei"' 
mediate race. Nevertheless the rarity of the anomaly 
in repeated sowings stungly indicates the former alter- 
native. riiis was ceitainly the case in Lnpinus lutcus. 



Fig 127. Casuafiiia quadrivahns. A branch with a lateral 
torsion, a. From the botan/ al garden in .\msterdam, 

1897. 

Silcne nociiflora and other species which occasionally 
produced spiral torsions in my cultures. In Valeriana 
officinalis (Fig. 122, p. 528), which has already l^een 
mentioned, the proportion of anomalous individuals raised 
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from seeds gathered from twisted stems was very small, 
and in Rubia tinctorum, of which I have had several 
beautiful instances of spiral torsions from the fields in 
Holland, they are never by any means common, although 



Fig'. 128. Agrostemma Githago. The calyx is open at one 
side and fused with the uppermost pair of leaves and 
transformed into a spiral. Culture of 1896. 

they occur nearly every year.* In Agrostemma Githago 

I have often observed torsions in a race which I have 

cultivated during ten generations since 1888, but always 

' Eenige gevallen van Klemdraai by de Meekrap (Rubia Huc- 
torum). Botan. Jaarb. Gent, 1891, p. 74 and Plate IV. 
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in small numbers. Sometimes these were confined to the 
vegetative parts, but Fometimes the calyx, together with 
the upper pair of leaves was transformed into an open 
spiral (Fig. 128j. 

In order to determine intensity of inheritance of 
this anomaly in such cases, I have conducted an experi- 
ment with Dipsacus laciniatus. This plant was of pecu- 
liar interest to me because it belonged to a genus which 
has 1)een known for a long time to produce fine spiral 
torsions and to which also the Dipsacus sylvestris be- 
longs, from which I have been able to isolate an evei- 
sporting variety which produces this anomaly in abun- 
dance. In Dipsacus laciniatus, on the other hand, the 
attempt to effect a similar isolation was unsuccessful. In 
this case an intermediate race was not present, but only 
a half race; for in spite of extensive cultures for two 
generations no more than slight local torsions were ob- 
tained. 

A plant of Dipsacus laciniatus which I had seen in 
full bloom in the botanical garden at Groningen formed 
the starting point of this experiment. It was over two 
meters high with a perfectly straight stem which, how- 
ever, had a little group of spirally arranged leaves at 
one of the upper nodes and here exhibited local twisting. 
Prof. J. W. Moll kindly sent me seeds of this plant. 
From these I grew in the two following years 4()0 plants 
on a bed of about 16 square meters, that is about 25 per 
square meter, which may be -egarded as giving ample 
room. The sowing took place in the beginning of April. 
In the summer of 1897 all the stems became straight; 
not a single one was twisted, as in Dipsacus sylvestris 
(Fig. 123, p. 529). Moreover, the arrangement of the 
leaves was decussate in all of them. Slight abnormal- 
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ities in this arrangement certainly occurred, such as 
split leaves, trifoliate upper whorls, fusion of two pairs 
ctf leaves by a so-called line of tearing extending over 
the internode, a phenomenon which shows that the leaves 
in their early stages were fused in a spiral manner instead 
of in whorls. Besides these, there were eight plants, i. e., 
about 2%, which had a distinct local torsion at one of 
the upi^er nodes of the same development as in the parent 
plant. Their leaf spiral involved from 3-6 leaves. Only 
these plants were allowed to flower, and there was no 
other Dipsacus laciniatns in the garden. l"ivc of them 
produced a sufficient quantity of seed. 

The second generation of this culture occupied the 
years 1888 and 1889 and consisted of 435 i)lants which 
produced stems and were allowed considerably more 
space than their ])re(lecessors, 12 specimens being grown 
to each square meter. Nevertheless the result was the 
same as in the foregoing generation. All the ])lants 
formed erect and tall but straight stems, from 2-214 
meters high. Amongst them there were five specimens 
wliich had a somewhat larger local twisted part than 
occurred in the preceding generation, inasmuch as in 
these cases from 7-12 leaves were cominned into an un- 
interrupted spiral. They arose from three of the five 
parents. Less pronounced torsions (at the nodes) which 
afiFected from 2-3 or rarely from 4-6 leaves, occurred 
fairly commonly in this year. I counted the percentages 
of 5, 5, 13, 13, and 28^f of such individuals per parent. 

A general advance had therefore taken place, brought 
about partly by selection and partly by the ample room 
given to the jflants; but whilst the isolation of twisted 
specimens of Dipsacus syhrsfris torsus resulted imme- 
diately in a profxirtion of 34^ of fine, almost complete 



spirally Twisted Races. 


543 


malformations, as soon as tlie culture was giVen sufficieut 
room, nothing but snial! local twistings occurred in this 
case, in spite of highly fa' orahle conditions of growth. 
From this 1 c<4ichKled that an eversporting variety anal- 
ogous to my Dipsacus sylx^c^ ri<; ioKsus cannot be raised 
from these seed:. 


§ m .spirally TWISTF/o RACES. 

The often mentioned race of Dipsacus syhrjifris tor- 
siis 1 iMgs. 123-125, pp. 520-534, and Plate VI) has now 
coni])leted its ninth generation. It consists of about 407^ 
of individuals with fine torsions and al)out 60% of ata- 
vists with, as a rule, decussate, oc^'asionally ternary, 
arrangement of the leaves, d'he alavists and the twisted 
plants with incomplete or interrupted spirals have alwavs 
been destroyed before fiowering. 'The completely twisted 
individuals, how’cver, were left to be lertilized by one 
another through tlie agency of insects. 

This very stringent process of selection has had the 
result of maintaining the race at a fahly constant Ici cl. 
During the first two generations 1 did not know the proper 
conditions and .sowed the seed much loo thick, and con- 
sequently only obtained twdsted individuals at the edges 
of the I)eds, and even here in small numbers. Put with 
the improvement of these conditions the proportion of 
twisted .stems at once mounted to 34%, and the heredi- 
tary value has since remained r'’>out the same, although 
subject to fluctuation due to the greater or less favorable 
climatic conditions obtaining in successive years But 
no advance could be di.scovercd. 

In order to exhibit graphically the result of this cul- 
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ture, which extended over 18 years, I shall give here a 
brief summary of the nine successive generations. 


GENERATION 

NUMBER OF 
PLANTS 

PLANTS PER 
SQUARE METER 

PROPORTION OF 
TWISTED MAIN STEMS 

1st. 1884-1885 

— 

— 

— 

2d. 1886-1887 

1643 

50 

0.1 

3d. 1888-1889 

1616 

35 

4 

4th. 1891-1892 

107 

25 

34 

5th. 1893-1894 

45 

22 

10 20' 

6th. 1895-1896 

33 

8 

42 

7th. 1897-1898 

70 

16 

46 

8th. 1899HL900 

1295 

22 

32 

9th. 1901-1902 

492 

22 

41 


The mean of the six generations was therefore about 
35%. 

We see from this table that the continued isolation 
and selection of the finest torsions maintained the race 
at its level, but did not improve it to any considerable 
extent. 

Two points a)x)ut this result should be noted. In the 
first place the percentage figures given do not denote the 
proportion of twisted individuals, but relate solely to 
those with torsions on the main stem. In some experi- 
ments, however, instead of pulling up the atavists, I only 
removed all their inflorescences before the flowers opened, 
and by this means I found that several, and often many of 
them, had the power of developing more or less fine local 
torsions on their lateral branches. In 1902 I made as 
accurate an account of these as possible, and found 71 
of them or 14%. Of twisted i^^dividuals there were, 
therefore, 41 -{-14=55% altogether, i. e., somewhat more 
than half the individuals produced torsions. It seems 
of some interest to note that this percentage is the same 

* The i>ercentage figures for the 5th, 6th and 7th generations are 
hardly decisive on account of the small size of the cultures. 
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as has been observed elsewhere in intermediate races» 
and especially in the tricotyls (see page 439). 

Secondly, I call the attention of the reader to the 
remark wliich I made in the previous chapter (§ 16, p. 
511) with regard to selection Even as in the case of 
fasciation, a double selection, by the visible characters 
of the seed-parents and bv their hereditary value, caunot 
here be carried out under the ordinary conditions of the 
experiments. The most valuable character to select by, 
the hereditary coefficient, fails, and in consequence of this 
the improvement of the race, which in the case of the 
tricotyls so soon resulted in a pro])ortion of from 70- 
90%, obviously cannot be carried to its full height here. 
Nothing less than a lucky chance or the conducting of 
the experiment on a much larger scale can bring this 
about. In the eighth generation I compared the heredi- 
tary coefficients of ten parents. 1'hcy ranged l>etween 
10 and 55% ; but as only from 100-140 oifsi)ring of each 
parent could be compared, the percentage numbers did not 
seem to me to be of much importance from the point of 
view of selection. In the 9th generation I saved the 
seeds from over 100 very finely twisted individuals, in 
the hope of still being able to carry out an experiment in 
selection by hereditary coefficients. 

I shall now give a detailed description of the whole 
experiment.^ The starting point of my race was formed 
by two individuals with a twisted main stem which flow- 
ered in 1885 in a culture sown in 1884 in my garden. 
All the remaining plants were destroyed before they 
flowered. 

In 1886 I obtained a second generation from their 
seeds. As I have already mentioned, I was not at that 

* Annals of Botany, Vol. XIII, No. LI, Sept. 1899, P- 
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time familiar with the most favorable conditions of this 
culture, and obtained only two twisted individuals amongst 
nearly 1650, probably for this reason alone. These two 
flowered in isolation and set an abundance of seed. The 
third generation (1888-1889) raised from seeds of the 
second, produced 67 twisted stems in a culture of about 
the same extent, i. e., about 4%. Here again the seed- 
jiarents flowered in isolation. 

The fourth generation was sown partly in 1890, and 
jiroduccd as many as W/c twisted individuals which 
however could not be used for the continuation of the 
race. 'I1ie rest of the seed was sown in 1891 with a 
better knowledge c^f the conditions, whereby the propor- 
tion of twisted individuals rose to 34%, a value which 
the later generations on the average maintained, without 
surpassing it to any considerable extent. 

The iiniirovement in the method of culture consisted 
essentiafly in i^roviding the young plants from their very 
earliest stages with more room. In the two previous 
generations alx iit 50 sjiecimcns vere grown per square 
meter In this generation, however, the number was 
reduced to about 25 by the removal of the superfluous 
ones in juiie, as so(ni as the plants began to touch one 
another. 

'fhe seeil liad been sown in May in the beds. At the 
beginning of October i noticed, amongst about 100 indi- 
viduals, 6 with a spiral arrangement of leaves in the 
heart of a ro.sette. In the lieginning of November I was 
able to remove more than half of the plants as undoubted 
atavists. and wlien, towards the end of May 1892, the 
stems grew up vigorously, they were finally examined 
and recorded. The result, together with that obtained in 
November, i. e., for the whole culture, is as follows: 
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Twisted stems 37 =34% 

Stems with ternary whorls 12 *—11% 


Atavists with decussate arrangement of *eaves 58 =55% 

Total l07 

It is very important to not’ e that the number of 
twisted steins increac^ed as the result of the greater dis 
tances between the plants, not only relatively (i e., per 
100 individuals), but absolutely (i. e., per square meter). 
In the third generation there were 50 plants per square 
meter, of which 4% (1-7%, from 1-4 specimens) were 
spirally twisted. In the fourth generation, however, 
there were 37 twisted individuals on 4 square meters or 
0 per square meter. 

I selected the seven plants with the finest torsions 
on this bed as seed-parents. They all, moreover, pre- 
sented local torsions on several branches. I isolated 
tliem before they flowered. 

The fifth generation (1893-1894) was not so success- 
ful. Only 25% with twisted stems were produced. The 
seed to produce this generation had not as liithcrto been 
sown on the lieds Init in seed-])ans in the greenhouse 
attaclicd to my laboratory. This method has since ])roved 
more convenient and safer, and has ]:)een employed in the 
two generations which follow. 

The seed saved in September 1892 was sown in the 
middle of March 1893. In the middle of May the best 
seedlings were planted separately in 10 centimeter pots 
with good, richly manured garden soil, and planted in 
the l^ed in the middle of May, at the same distance apart 
as were the plants in the preceding generatiem (22 plants 
per square meter). In the following year (1894), all 
the stems developed and were recorded. The result was 
as follows : 
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Twisted main stems . . 

Ternary main stems . . 

Decussate mam stems . 

Total 


A 

B 

% A 

%B 

5 

2 

20 

10 

1 

1 

4 

5 

19 

17 

76 

85 

25 

20 




A and B are two groups which had been produced 
from seeds separately harvested from two seed-parents 
of 1892. 

‘ The extent of the culture is, as we see, too small to 
allow of an exact determination of percentage values. 

Seed was saved in the autumn of 1894 from the four 
best plants which had been isolated from the rest before 
they flowered. 

The sixth generation (1895-1896) again produced 
a better result, viz., 42% twisted main stems, a result 
due in part at least to the increase in the distance between 
the plants in the culture, which was in other respects the 
same as in the previous year. The seed of 1894 was 
sown in the middle of March in pans in the greenhouse. 
The seedlings were transplanted to pots in April and into 
the bed in May Altogether there were only 33 plants 
on 4 square meters, that is about 8 per square meter. 
In Octolier I found 14 rosettes with a spiral arrangement 
of their inner leaves, whilst seven were ternary and 12 
decussate, that is 42% spiral, 21% ternary, and 36% 
decussate. This* result was confirmed in May and the 
decussate and ternary individuals were tlirown away. The 
six individuals with the finest torsions were selected as 
seed-parents and isolated before flowering. 

The seventh generation (1897-1898) was grown in 
practically the same way. Seeds of 1896 were sown in 
the greenhotise in May 1897, were transferred to pots 
later, and to the beds at the l)eginning of July at the rate 
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of 16 individuals per square meter. Altogether there 
were 70 plants. 

A record made at the end of May 1898 gave the fol- 
lowing result: 

Twisted stems .... 32 =46% 

Ternary stems ...» 21 =30% 

Decussate stems . ... 17 =24% 

Total 70 

In the eighth generation the plants were treated in 
exactly the same way as in the preceding one. As already 
mentioned, the offspring of 10 distinct parents were 
compared. Moreover for each parent the seeds of the 
terminal inflorescence were compared with those of the 
inflorescences on the main branches. For the latter de- 
termination I selected from each parent 4-8 of the strong- 
est branches which arose from that part of the middle 
of the stem which had undergone most torsion. They 
corresponded, therefore, with the period of maximum 
activity of the stem,^ and confirmed this by the fact that 
small local torsions appeared on them. From the seed of 
the primary inflorescences I raised 645 plants with 31%, 
from those of the secondary inflorescences 650 individ- 
uals with 34% cwisted main stems. There was therefore 
no difference of any significance. 

The ninth generation was composed partly of off- 
spring of twisted individuals and partly of those of at:i- 
vists. The method of culture employed was the same as 
before; but I shall revert to the result of it in the next 
section. 

Besides Dipsaetts sylvestris I have grown two other con- 
stant races with an abundance of fine torsions which must 

‘See T. Tammes, Die Periodicitat morphologischer Erschei- 
nungen bet den PAamen, Kon. Akad. v. Wet, Amsterdam, 1903 . 
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be regarded as intermediate races. The first is Dianthus 
barbah^^ tarsus. I obtained a fine twisted branch of this 
form in the autumn of 1894 from Mr. J. Ensink in 
Ruurlo. The torsion was similar to that represented in 
Fig. 129, but the fruits were ripe and full of seed. I 

could not, however, sow the 
seed until the spring of 1897. 

This species does not 
flower till the second year, 
10-20 shoots being produced 
on each individual. I made 
a culture of about 300 indi- 
viduals, which were planted 
out at distances of 20 centi- 
meters apart. Plants began 
to flower in June of the sec- 
ond year (1898) ; the great 
majority of their stems were 
normally decussate : whilst 
several had ternary whorls 
along the whole length, or in 
other cases, only in the up- 
per parts of the stems. Oth- 

Fij? i2(). Pianthus^ harbatus ers again were twisted and 
torsiis, Tw'-tfd Sweet Wil- t ^ i • . 

lia.n The Mom has a tie- manifested a spiral arrange- 

cussate arrangement of leaves ,„erit of the leaves. The 
below an<l spiral aboM* June 

i*/x> twisting, too, seemed to pre- 

fer the upiier half of the 
stent, just itnderneath the inflorescence. Sometimes how- 
ever the wliole .stem, or a great jtart of it, was twisted 
or the torsion extended into the inflorescence. The maxi- 
mum tlevelopment t^f the anomaly largely corresponded, 
so far as I could determine, with the period of maximum 
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growth, as in Dipsacus. Altogellier I counted amongst 
somewhat over 4600 normal stems, 53 more or less dis- 
tinctly twisted ones in all degrees of development, 33 
torsions extending over a greater part of the shoot and 



Fig. 130. The dark-eyed Viscaria (Viscaria oculata) with 
spiral torsion of the mam stem, a, the terminal flower 
of this main stem ; the flowerstalk, first bent downwards 
by the torsion, has subsequently turned upwards again. 
h, c, the normal straight portion below the twist; d, a 
local interruption of the torsion (1900). 
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20 over smaller portions. This means a proportion of 
about 1% of the total numl^er of the stems. The 33 
be^t torsions occurred on ten plants of v^hich five had 12, 
6, 5, 3 and 2 twisted shoots, and the remaining five, one 
such anomaly each. The 20 smaller abnormalities were 
distributed at random over the plants in such a way that 
about 10% of the individuals had developed the anomaly. 
It is worth remarking that the most abnormal individuals 
occurred chiefly on the most sunny edge of the bed. 

The selected individuals mentioned were not allowed 
to flower before all the remaining plants had been re- 
moved. In the spring of 1899 I only sowed the seeds of 
the plant with 12 torsions. I planted out 180 individ- 
uals, at the same distances a])art and also in other respects 
under exactly similar conditions as those which obtained 
in the preceding generation. They flowered in the sum- 
mer of 1900. At the beginning of the flowering period 
1 had 2246 stems, in 1246 of whicli the arrangement of 
the leaves was decussate, whilst in 414 it was ternary. 
Further, there were 227 stems which were twisted over 
more than half their length and 359 which were twisted 
in the upper part only, i. e.,26% twisted shoots as against 
1 % in the jjreceding generation, on the average 3 torsions 
per plant, Acc(.)rding a rough estimate well over half 
the individuals had produced one or more twisted stems. 

Two generations, therefore, had sufficed for the iso- 
lation of a genuine intermediate race from an original 
insect-fertilized sample of seed. 

The other race referred to above occurred in Viscaria 
oculafa (Lychnis Coeli-rosa), a favorite garden plant. 
The plant is annual and its culture easy. In twisting, 
its stems become much shortened, and the plants become 
low, but they flowered freely (Fig. 130). In 1897 iaa 
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culture grown foi an< ther purpose, I found a twisted 
plant like the one figured and saved its seed separately; 
its flowers had not been protected. 

From this seed I raised in 1898 a culture of 300 plants 
of which 259 were normal, wnilst 40 exhibited torsions 
in the main stem and 28 others* in one oi several of the 
lateral branches, i. e , a proportion of 21 % twisted indi- 
viduals. I only allowed the 21 finest specimens of these 
to flower and set seed ; and of these T only sowed the seeds 
of the one finest twisted plant In the following year, 
1899, I raised from it 385 individuals of which 137 or 
about 35% showed torsions. Here also, as in the case 
of Dipsacus and Dianthus, many individuals exhibited a 
ternary arrangement in the whorls. I counted about 100 
of these, which therefore constituted al)out one-quarter 
of the whole culture. 

In 1900 I grew the fourth generation, Ivtt on a smaller 
scale. Torsions were as abundant as before, and amongst 
their number was the plant represented in Fig. 130. 

There is little doubt that similar intermediate races 
could be raised by an isolation of the spirally twisted 
individuals of several other species. And the l:>est chance 
would obviously be given by those which frequently give 
rise to this anomaly without selection. Thus, for in- 
stance, Gypsophila paniculata, Urtica urens (of which 
I have already cultivated two generations with success), 
and perhaps also Scabiosa atropurpurea. On the other 
hand, as stated in the previous section, my sowings of the 
seeds of spirally twisted examples of Valeriana officinalis, 
Saponaria officinalis, Galium Aparine^ and others, have 
offered no such prospects. 

^Bydragen tot de leer van den klemdraai, Botanisch Jaarboek, 
Gent, IV, 1892, p. 154, PI. XV. 
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The existence of constant intermediate races or ever- 
sporting varieties exhibiting spiral torsion seems to me 
to, be conclusively demonstrated by the experiments de- 
scribed. They were found by chance and then easily 
extracted by isolation, and induced to produce a pro- 
lX)rtion of 30-40% twisted individuals. This result could 
be made pemianent by subsequent cultivation, but could 
not be increased by a continuation of the selection. 


§ 21. THE SIGNIFICANCE OF THE ATAVISTS. 


Ill spite of every attention and in spite of repeated 
and careful selection spirally twisted races will continue 
to produce numerous atavists. These are either decussate 
individuals of the normal structure of the species, or 
they have ternary leaf whorls, as is also often seen in 
twisted individuals above the torsions. 


I propose now to examine more closely the nature 
<d, and esiiecially the mode of. inheritance in these ata- 
vists. as I have done in the case of the fasciations. The 
essential pcnnt about them is that the atavists do not, as 
we may express it. depart from the twisted race ; but can 
l)c used almost as safely for its continuation, as the 
twisted individuals.^ 

A fact of the liighest importance is that there is no 
sharp limit between the atavists and the twisted individ- 
uals. Of course the difference between the tall erect 
stems and the short stunted anomalous ones is most 
striking, as our Plate VI shows. It is quite clear that 
this is not a case of the fluctuating variation of a single 


In Stocks the double specimens are sterile, as is well known 
and the variety has to be propa^rated by means of the seeds of the 
single ones. Under cultivation in the field as a rule about «;o% of 
single atavists are pr<.)duced. 
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character, but that two antagonistic factors are at work, 
the one excluding the other, although never completely. 
Even the stems with the most pronounced torsions pro- 
duce branches, most of which revert to the decussate 
ariangement of leaves. It never occurs that this char- 
acter is completely excluded Iroin the whole plant. Con- 
versely, as we have already seen, atavistic individuals 
with perfectly erect main stems and with a decussate or 
ternary arrangement of the leaves frequently exhibit 
torsions in their lateral branches. In 1887 I cut half the 
atavists of my culture of Dipsacus sylvestris tarsus close 
down to the ground ; they shot out from the base of the 
stem. In this way I obtained about 200() brandies of the 
second and third order. Amongst them 235 had a slight 
'but quite definite torsion and 26 hr a small many-leaved 
spiral. In the third generation I repeated the experiment 
with the same result; and moreover observed torsions 
on the lateral branches of some atavists ,vhich had been 
allowed to remain on the lieds nntil they were just about 
to flower. 

Other abnonnalities in the arrangement of leaves also 
betray the real nature of the atavists. First, there are the 
individuals with ternary whorls. Such whorls do not 
occur in the early stages of the plant, and tricotylous 
seedlings are even very rare. At first the arrangement 
of the leaves is always decussate, and it is not until late 
summer or autumn, at the time when other specimens 
begin to produce their leaves in a «ipiral, that the decussate 
arrangement gives place to a ternary one. But when 
this has once appeared it usually remains on the stem 
up to the terminal flowerhead. Such plants look quite 
normal, aixl especially their leaves do not produce those 
forkings of the mid-rib which are so common in the 
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Fig. 13 1. Dipsacus syk’cstns forsus. Split leaves from the 
decussate atavists of the eighth generation. A D, in- 
creasing degrees of splitting. 
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decussate individuals. On the lateral branches of these 
whorled stems, on the other hand, these splittings, as 
well as local torsions and other anomalies are by no means 
rare. 

The relation of the ternary whorl to the spiral ar- 
rangement demands closer investigation. Perhaps the 
former is to be regarded as a lower stage of the anomaly ; 
and this view is supported by the fact that highly twisted 
individuals which have one or more straiglit intcniodes 
above the torsion, usually exhibit ternary whorls between 
them. 

The decussate individuals often produce leaves with 
split midribs (h"ig. 131 AB), and iii all degrees of split- 
ting from leaves wdth two tips to leaves split down to 
tlie base.^ Sometimes they even produce one or two 
ternary whorls in the upper parts of the plant. The 
range of variation in these s])littings has ))een dealt with 
by I^ELPiNo,^ and material for a complet • demonstration 
of tliese forms may be furnished by every generation of 
mv race. 

In the third generation I left three atavists on the bed 
until shortly before they flowered. They all bore some 
split leaves in the upper part of their stem; in the ninth 
generation I observed the same anomaly on the main 
stems of 172 of the 200 decussate atavists, that is to say, 
in about 80% of the whole group. Several of the re- 
mainder exhibited the anomaly on the lateral branches. 

From the axil of a split leaf Oiere usually arises, ac- 
cording to my observations, a single shoot ; but sometimes 
two of them, or a single broad flattened one with two 

’ Bcr. d. d. hot. Gcs., Vol VII, 1889, p. 296 

Delpino, Teona generate delta Fitlolassi, Atti flella R. Uni- 
versita di Genova, IV, Parte IT, 1883. 
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inflorescences at the top. In this respect also, my results 
confirm those of Delpino. 

External conditions exert a great influence on these 
secondary anomalies just as they do on the main torsions. 
The more favorable the conditions, the rarer are the in- 
dividuals, all of whose branches and leaves are normal. 
Obviously this fact suggests that the factor for the mal- 
formation must be present in all of them. 

Brief mention should also be made of the so-called 
local torsions. I'hey occur occasionally in all twisted 
races, h^ig. 132 represents an instance of them in Vale- 
riana officinalis. It flowered in the same year and on the 
same bed as the completely twisted stem shown in Fig. 
122 (p. 528), 

In Dips^acus laciniaius,ihQ malformation was confined 
to these, and in Dipsacus sylvesfris torsus I observed 
them, under very special conditions of culture, on erect 
and otherwise decussate stems ; but on the lateral branches 
of twisted individuals, especially on the strongest ones, 
Midi as those which arise from the axils of the radical 
leaves or from the middle of the twisted stems, they are 
always seen to be mexst firofusely produced. 

As in the case of fasciations, forms intermediate be- 
tween these local torsions and the normal arrangement 
of the leaves, are relatively rare. This is not true, how- 
ewer, if the ternary wdiorls, split leaves, and the local 
torsions on the lateral liranches are included, but only if 
we cemfine our attention to the torsions on the main 
stems. Unfortunately the exact measurement of the 
part liearing leases in a spiral is a matter of considerable 
diflH'ully : inasmuch as the spiral I)egins inside the ro- 
sette at a time when the oldest leaves have alreadv rotted 
<^fF and disappeared. Nevertheless I have recorded the l>e- 
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ginning of the spiral accurately in some cases by mark- 
ing and counting the pairs of leaves, as they made their 
appearance, from the moment of germination. But I 
have not yet plotted a curve from data collected in this 
extremely laborious way. On "^lie otlur hand the number 
of straight inlernodes above the torsion can easily be 



Fig 132. Valcriam oMcinalis. A stem with a local tor- 
sion, from the same culture as Fig 122. (June 1900. > 


counted; and their number obviously varies inversely 
with the extent of the twisted part. 

In 1900, when my eighth generation consisted of 
1295 flowering plants, I recorded the number of straight 
internodes above the torsion in every twisted stem. Omit- 
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ting the long stalk of the terminal inflorescence, which 
is always ])resent, I obtained the following series. 

PLANTS WITHOUT WITH 0-6 STRAIGHT INTER- 
TORSION NODES ABOVE THE TORSION 

Straight internodes 6 5 4 3 2 1 0 

Individuals 900 2 3 1 2 40 200 148 

The curve constructed from these figures is obviously 
one with two peaks, and essentially the same as the cor- 
responding curve for fasciations seen in Fig. 118 (p.521). 
Torsions with two, with one, and without any straight 
iHte^oodes above the torsions are far the commonest. 
Smaller torsions only occurred in nine cases among 1295, 
that is less than 1% of all the individuals, or in about 
of the twisted individuals. I repeated the same ex- 
aminations in 1902; the intermediate forms were some- 
what more numerous and reached a proportion of about 
7% in 492 individuals. The form of the curve, was, 
however, not essentially modified. 

In order to determine the hereditary coefficients of 
the atavists I instituted an experiment in tlie eighth and 
ninth generation of my race. In July 1900, I had some 
liighly twisted ])Iants, some completely decussate ones, 
and some with ternary whorls only, on the same bed. 
Before the flowering ])eriod I reduced the inflorescences 
to the required number and afterwards insured pure fer- 
tilization in the following way. All the inflorescences 
were enclosed in parchment bags, and the bags were 
taken off the individuals falling into one group, for sev- 
eral hours one day out of three for each group. The 
humble bees flying about could thus fertilize only tvvisted 
individuals on some days, on others only decussate, and 
on still others only ternary ones. This practice was 
continued until all the flowers were gone. The vSeeds 
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were saved separately from each plant. In the spring of 
1901 I sowed the seed^> of two decussate, three ternary 
and four twisted seed-parents and recorded the main 
stems produced by each parent in 1902, just before the 
flowering period; but since the numbers from the indi- 
vidual seed-parents of each group did not differ to any 
considerable extent amongst themselves, I shall give the 
total result only. 


SEED-PARENTS 

Decussate 

Ternary 

Twisted 


OFFSPRING, IN PERCENTAGES. 


DECUSSATE 

TERNARY 

TWISTED 

48 

8 

44 

39 

24 

37 

45 

14 

41 


NUMBER 

201 

136 

155 


Total 492 


We see that the offspring of *hc atavists produced 
just as large a proportion of twisted stems as the offspring 
of the tzvisted individuals. On the other hand the choice 
of decussate or of ternary atavists seems to have exerted 
some influence in the direction of ternary offspring. 

The twisted stems of Dipsacus are partly right-hand 
and partly left-hand spirals; and about equal numbers 
of the two sorts are always found. ^ 

A very curious question thus presents itself, viz., 
whether this equilibrium can be disturbed by selection 
and whether the balance can l)e upset in a given direc- 
tion.2 According to the view laid down in this book, 
that it is not true that with selection all things are ])os- 
sible, we might expect that this would not be a fixable 
character and that selection would have no influence on 


'Annals of Botany, loc. cit., p. 404. 

*R. M. Yerkes, Variation in the Fiddler Crab, Gelasimus f*ugi- 
lator. Proceed. Amer. Ac. of Arts and Sciences, 1901, Vol. XXXVI, 
No. 24, p. 417. On page 441 this author states that right- and left- 
handed animals occur in approximately equal numbers. 
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Heritable Spiral TorsioiiA'. 


it. for tlii.s reason I alloAved plants with a right-hand 
spiral only to flower in the seventh generation ; and in the 
following one also, the spiral of all the chosen seed- 
parents was right-handed. The result was as follows : 

LEAF-SPIRAL 

RIGHT-HAND LEFT-HAND 

8th generation 205 215 individuals 

9th generation 40 24 individuals 

These constant Init eversporting twisted varieties offer 
favorable material for attempting to transfer the mal- 
formation to related species by means of hybridization. 
At present, however, only a single attempt of this kind 
has been made, viz., one which was communicated to me 
by Pn^f. Le Monnier of Nancy.^. 

He sent me two twisted stems of Dipsacus fullonum 
which exhibited a torsion as pronounced and as complete 
as the best instances of my race (Fig. 123 a and b, p. 
.S2^)) ; and which owed this malformation to a cross be- 
tween the s])ecics in question and my Dipsacus syk'csfris 
forsus, which Mr. Le Monnier had cultivated on a large 
scale for many years. 

In 1896 my race flowered at the same time as the 
normal P. fullonum in the liotanical garden at Nancy, 
at a distance of 100 meters apart but in great quantities 
of individuals. Pollen could easily be transferred by 
insects from one bed to the other. From the seeds of 
these Dipsacus fullonum there arose besides numerous 
normal plants three with twisted stems; one of them 
had upwardly directed bracts in the involucre, a char- 
acter of D. sylvestris which distinguishes it from D. ful- 
louum. The investigjition of this important question has. 
however, not been continued. 

' Inurfi. Pny Ilorttr. Tf)00. Va|. XXTV, p. 6o. 
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The facts described hi this and the preceding sections 
seem to me to furnish si;fficient proof that the twisted 
eversporting rarieties behave in exactly the same way 
as the correspoiiding fasciated races; and that, in both 
cases, atavism is merely a p’ n phological phenomenon 
and not a real dc\iation from the race. 




PART III. 

THE RELATIONS OF THE MUTATION THEORY TO 
OTHER BRANCHES OF INQUIRY. 




1 THE CONCEPTION OF SPECIES .VCCORDING 
TO THE THEORY OF MUTATION. 

§ 1. SYSTEMATIC BIOLOGY ANJ? THE IHEOUY OF 
MUTAi'ION. 

Ill every case in which we were able to obtain a deeper 
insight into the nature of the hereditary character of an 
organism by direct observation or experiment we have 
found this character to be of a compound nature. No 
])lant transmits its peculiarities to its offspring as an in- 
separable whole, as has been the general view until now. 
On the contrary we have described a long series of phe- 
nomena in which a single character or a smaller or larger 
group of them can be separated from the rest and behave 
in an entirely different way. When new species or vari- 
eties originate, it is not the whole nature of the organism 
that is changed; on the contrary everything remains in 
a state of rest except at one or two points, and it is only 
to the changes of these points that all the improvement 
is due. In hybridization the two types which .sexually 
unite are always alike in the vast majority of their char- 
acters, and the differences between them are limited to 
a few definite units, which, in the simplest ca.ses, can be 
dealt with numerically. 

The analysis of organisms, therefore, leads us to the 
hypothesis of units, which are in many respects analogous 
to the molecules of the chemist They are, however, of 
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a much more complicated structure and have arisen in 
a liistorical way. They cannot be isolated and then sub- 
jected to experiment like chemical bodies; we can only 
investigate them by studying the relation of closely allied 
species and varieties, i. e., forms in which a definite unit, 
or several of them, are present in one plant and absent in 
the other. For this reason our investigations are, for 
the present at any rate, confined to the units which have 
arisen most recently. 

But even as it is the business of comparative science 
in general, first, to apply the conclusions derived directly 
from the facts, to cases that have not been themselves 
observed and then to extend them gradually further and 
further, it is our duty and our right to test the applica- 
bility of our conclusions as thoroughly and as widely as 
possible. 

Therefore we have now to face the question whether 
the theorv of the origin of species by mutation and the 
theory that hereditary characters are comi)osed of ele- 
mentary units are in harmony with the theoretical concep- 
tions t(^ wliich systematic science on the one hand and 
embryology on the other have given rise. If it can be 
shown that the mutation theory satisfies the demands of 
these sciences better than the present form of the theory 
of selection, its justification as a theory of the nature 
of inheritance will, in my opinion, be placed on a sure 
foundation. 

For this reason I shall devote the last part of this 
work to general considerations of this kind. In doing 
so 1 leave the safe ground of facts and venture into a 
region in which I can no longer mainly de|)end on my 
own experience. But experimental inquiry must derive 
its pn^blems from this more general aspect of the ques- 
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tions; and it does not by any means seem superfluous to 
ask ourselves frum time to time what has already been 
achieved and what is to be clone in the immediate future. 
In doing so I shall have to keep a close rein on myself 
and, whenever possible, conf rin to the opinions of rec- 
ognized authorities, limiting my own views to such points 
as* may throw light on the relation between those opinion's 
and the theory of mutation. I shah try to avoid ques- 
tions of minor importance or concerning uncertain or 
subordinate points; the literature of the subject has long 
since grown so prodigiously that it is no longer possible 
to keep pace with it. 

My onl}^ object is to demonstrate the applicability of 
the theory of mutation to the main conclusions of the 
doctrine of evolution; and only to do this briefly and 
sometimes no more than in outline. New theories and 
new hypotheses I shall not have to introduce, the more 
so, as I am convinced that the doctrine of mutation will 
lead everywhere to a simplification and a clearer concep- 
tion of the j)roblen]s. The prosj)ect of recognition of a 
theory rests on the one hand on its empirical foundation, 
and on the other on its suggestiveness and the number of 
facts which it explains. Therefore the consideration of 
this latter point wn‘ll now be my task. I shall devote the 
several chapters of this part to the various problems 
involved. 


§ 2. PROGRESSIVE, RETROGRESSIVE AND DEGRESSIVE 
MUTATIONS. 

Progress in organic nature consists essentially in in- 
crease of diflferentiation. The peculiarities which go to 
make up the individual character of the species tecome 
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more numerous. Every more highly organized being has, 
as a rule, more of them than its ancestors of long ago had. 
In applying this principle to the doctrine of elementary 
characters we see at once that the number of these units 
must increase with increasing differentiation; or, con- 
versely, that the degree of differentiation is ultimately 
determined by the number of elementary characters. 
Whenever a new unit is added to those already existing, 
differentiation advances a step forward. If it were pos- 
sible to count the units we should have a measure of the 
degree of differentiation of all organisms. 

Obviously the individual steps are only small ones, 
at the present time at least ; and any single one of them 
can hardly effect a noticeable increase in differentiation. 
At any rate we have at present no means of so exactly 
measuring the degree of differentiation, since we cannot 
estimate the possible influence of a single unit on a com- 
plex built up of thousands of them. Only groups of units 
produce clear and obvious differences in the degree of 
organization ; but within the limits of a small genus or 
of a multiform collective species the several types seem 
to us to be almost always equivalent. 

The individual steps into which, according to this 
view, the process of gradual differentiation can l:>e ana- 
lyzed, we propose to call mutations ; and since they con- 
stitute an advance, progressive mutations. Each of them 
contributes a new character to the complex of hereditary 
qualities already present. 

Such a new character need not. however, become vis- 
ible as soon as it arises, since we are not dealing solely 
with external qualities but with the internal factors to 
which they owe their appearance. Even as the germ 
contains large numbers of qualities awaiting development, 
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so we can imagine that a new character remains latent 
for some time after its first origin, its phylogenetic birth, 
if I may so express it, and does not become active until 
after the lap^^e of a lesser or greater j^eriod of time. 

According to this view every progressive mutation 
is fundamentaMy a double process, and consists in the 
production of a new internal factor and in its activation. 
Both may sometiiijes happen at the same time, but this 
is not necessary. It is therefore desirable to apply sepa- 
rate names to the two processes ; the internal one I have 
callecl prt mutation, the externally visible one a mutation 
srnsu strict 0 . 

The premutation is therefore of a hypothetical, the 
mutation, however, of an empirical nature. 

It further follows from this that an internal factor 
does not of itself lead to the origin of an external change. 
As in ontogeny so also in phylogeny an elementary char- 
acter can be sometimes active, but at other times latent 
or inactive. If a new character emerges from its original 
latent conditions and becomes active, we call the process 
a progressive mutation; conversely we can denote its 
return from the active to the latent condition as a retro- 
gressive mutation. 

The experience of gardeners and of the systematists 
with the smaller si:)ecies and varieties teaches that retro- 
gressive mutations of this kind are common phenomena. 
Almost any character may disappear. This applies not 
only to the superficial characters, such as color, hairs, or 
thorns, but also to those deeper ones which affect the 
inner organization of the plant, such as the decussate ar- 
rangement of leaves, and even the symmetry of the organ- 
ism. Spiral torsion and peloria show how profound an 
alteration in the appearance of a plant or in the structure 
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of a flower may be brought about even by only one of 
these elementary characters becoming inactive. 

Retrogressive mutations give the impression of some- 
thing being lost ; some character or other disappears from 
the picture. But everything seems to point to the con- 



Fig- 133 Cast an ca vesca Ab- 
normaUy leaved catkins. A. 
with two leaM's ; B and C, with 
one leaf each. C has also a 
lateral twig, a male, b female 
flowers; c normal leaf. Apel- 
doom, 1896 Collected by Dr. 
P. F. AmUNK-SP-MNK. 



Fig. 134. Mercurialis annua. A 
sprig of the male plant with 
stray fruits on the long thin 
ears. On the female plants the 
fruits are inserted on short 
stalks in the axils of the leaves. 


elusion that, in the vast majority of cases at least, this 
loss is only an external one ; and that the factor remains 
in the inner organization of the plant, in an inactive state. 
This view is esix?cially supported by those cases in which 
a systematic character which has become latent is occa- 
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sionaily manifested as an anomaly; as for instance the 
appearance of female flowers on male specimens of dice- 
cions species (F’g. 134), or of leaves on normally leaf- 
less inflorescences (Fig. 133). 

Two races, which only d’flFer in the latency or activity 
of a single factor, thex*efore possess the same number of 
elementary units in their internal organization. Ob- 
viously the relation l)etween them is different from that 
between two races, of which one has arisen from the 
other by the formation of a new factoi ; in which case 
there is a difference of one, in the number of units, be- 
tween the two. 

But before we examine this lelaticm more closely we 
must face the question whether the active and the in- 
active states are the only ones in which an internal factor 
can occur. Theoretically this is obviously not necessarily 
the case, for we can easily imagine various degrees of 
activity between the two extremes, and as a matter of 
fact, experience shows that these intermediate stages do 
actually occur. We have described them above (p. 20) 
as semi-latent; and have given the name of midfile laces 
to those which possess such semi-latent characters. Of 
these there are two types, which we frequently meet both 
in nature and in our cultures, half races and intermediate 
races, or eversporting varieties. In both of them the 
semi-latent quality is associated in such a way with some 
active character that the two cannot be manifested at the 
same time. They exclude one mother, if we may so ex- 
press it, and so constitute a mutually vicarious pair. Tri- 
foliate and quinquefoliate leaves of clover, tricotylous 
seedlings or split cotyledons and dicotylous ones, normal 
and peloric flowers, cylindrical and fasciated stems, ordi- 
nary and petaloid stamens, constitute such pairs. The 
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same leaf cannot be at once trifoliate and quinque foliate 
and so on ; in a word, an organ cannot be both normal and 
abnormal. 

'These vicarious pairs of characters are the sources 
of a great variability inasmuch as the anomaly can ap- 
pear in all degrees of development. In such cases the 
individuals of a group are not ranged round a mean in 
respect of their external qualities, as with ordinary fluc- 
tuating or oscillating variability, but between two types 
which are often widely separated and more or less anti- 
thetic to one another. They have the appearance of being 
inconstant: and races and varieties of this kind are 
usually so described, but this is only true in the sense 
that the range of forms which they present is a very 
wide one; and, moreover, is ditypic or dimorphic. But 
it would not ht true in the sense that any individual could 
transgress the boundaries of this range and found a new 
race. In this sense the so-called inconstant races are just 
as stable as the best constant sjx^cies and varieties. 

The difference between half and middle races lies 
solely in the difference l^tween the mutual relation of the 
members of the vicarious pair in the two cases. If, 
under ordinary conditions, and in the absence of selection, 
one of them predominates over the other to a very large 
extent, the race is, so to speak, unilateral and is called a 
half race (e. g., Fig. 135). But if, under similar cir- 
cumstances, neither of them predominates but an equilib- 
rium is maintained, we have an intennediate race (e. g.. 
Fig. 27 of the first volume, page 138). In the case of 
tricotyls and syncotyls the half race rarely contains more 
than a very few anomalous individuals, in the absence 
of selection : whilst the intennediate race consists as a 
ntle about half of normal, and the other half of tricotyl- 
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ous or syncotylous individuals. The seeds, however, of 
both types give tho same proportion of tricotyls or syn- 
cotyls even when self-fertilization has been insured. 

If we wish to elaborate terminologies still further, 
the term semi-Iatent nia> he limite I to the anomalous 
character of the half race, and the character of the middle 
race may be described as semi-active (see p. 21). We 
can then distinguish four conditions of one and the same 
factor ; the active, the latent, the 
semi-active and the semi-latent. 

This classification may suffice for 
the time; and at any rate it can 
be said that it is in accord, so far 
as irfy experience goes, with the 
facts known at present. 

Such a factor cannot be trans- 
ferred at will from one of these 
conditions to the other, either 
by selection or by any other 
means, at any rate in the present 
state of our knowledge. Such a 
transition is only effected by com- 
binations of causes of which we 
still know nothing, or as we say 
by chance. Moreover the tran- 
sitions, so far as we can observe them, are not slow or 
gradual, but take place suddenly. The new race ap|X'ars 
on the scene at once and unexpectedly, as in the case of 
the peloric Unarm. Sudden transitions of this kind are 
exactly what we call mutations: and to distinguish them 
from the progressive and retrogressive types, we may 
refer to them as degressive mutations. 

Every mutation therefore consists fundamentally in 



Fig- 135 - Papaver com- 
mutatum polyccphalum 
The same anomaly which 
occurs in P. somniferum 
as a middle race CVol. 1, 
Fig. 27, p. 138) occurs 
here as a half race, mani- 
festing the character very 
rarely and only to a small 
extent. 
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the transposition of an internal character; from being 
latent it becomes active; from semi-latent, semi-active; 
and so on. If new factors are becoming active for the 
first time after having been latent through a shorter or 
longer series of ancestors, we speak of progressive muta- 
tions. If the active characters again become latent, the 
process is a retrogressive one. In all other cases it is 
degressive. 

The phenomena of hybridization find a ready ex- 
planation in the principles derived, in the first part of this 
volume, from our consideration of the origin of species 
and varieties. There are two main types of crosses, the 
bi-sexual or Mendelian and the uni-sexual. The former 
conform to the laws of segregation, they lead to various 
combinations of elementary characters, and thus can lead 
to the origin of as many new races as the number of pos- 
sible combinations indicates. These races are constant; 
the hybrids, however, always exhibit segregation in the 
formation of their sexual cells and sometimes even in the 
formation of buds. The hyl)ri(Is of uni-sexual crosses 
on the other hand are constant ; so far as my experience 
goes, tliey do not segregate. I f they are fertile they are, 
as a rule, as true from seed as their parents: but they 
may inherit the incoiivStancy of these (if, for instance, 
one of these belonged to an eversporting variety) and 
transmit it to their posterity, 

A strong body of facts, which have been given else- 
where lead to the conclusion that crosses follow Mendel's 
laws if one of the two parents stands in the relation to the 
other of having arisen from it by retrogressive or de- 
gressive mutation. This means that the two parents of 
the cross possess exactly the same internal elementary 
characters; but that one or more of these occur in dif- 
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ferent conditions in the two parents; as for instance in 
the union of latent characters with active, of seini-latent 
with semi-active, and so forth. The oi)posite visible final- 
ities, determined by the two different conditions of the 
same internal factor, constitu^^e a so called pair of char- 
acters. Therefore, racial forms which differ from one 
another by such qualities only, constitute a group for 
themselves, in the theory botli of hybridization and of the 
origin of species. 

Uni-sexual crosses are of an entirely different nature 
and lead to the direct production of constant hybrid 
races. They occur when at least one character is i:)resent 
in one parent, but is absent from the other. Hence Mac- 
FARifANE’s name uni-sexual. In more complicated cases 
one form may have a larger excess of factors ; or again, 
each of the parents may possess factors which are absent 
from the other. The excess will be unilaterah if one of 
the forms has arisen directly from the other, but bi-lateral 
if both have arisen in diverging directions from the same 
ancestor. In these cases vicarious pairs of cliaraclers do 
not exist in the two forms crossed, although externally 
they may seem to do so. 

Therefore uni-sexual crosses correspond to progres- 
sive mutations ; the Mendelian law, however, to the retro- 
gressive and degressive forms of differentiation. Con- 
versely we may infer that characters which, when crossed, 
behave in a Mendelian way, are in a latent or semi-latent 
condition, and that in the uni-se atal crosses an internal 
factor is entirely absent on one side. I willingly admit 
that the main purpose of this discussion is to make my 
principles clear, and to show how the two great branches 
of the theory of mutation may, in spite of the vast differ- 
ence in their points of departure, ultimately lead to the 
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same theoretical conception of the nature of elementary 
characters. This conception may in the present state of 
our knowledge be most conveniently formulated as fol- 
If)ws : 

Forms which have arisen by retrogressive and de- 
gressive mutation follow Mendel’s law, when crossed 
with their ancestors; whilst forms which have arisen by 
progressive mutation behave uni-sexually. 

§ 3. the theoretical distinction between spe- 
cies AND VARIETIES. 

The idea of a fundamental difference between ancient 
and recent characters runs like a scarlet thread through 
ihe whole history of systematic biology. The nature and 
limits of this assumed difference have often furnished 
l)roblcms which the greatest investigators in this field 
have attempted to solve; and the answer has been a 
different one according to the information available at 
the time when it was attempted. From the transmuta- 
tionists up tf) Nageli’s well-known distinction between 
organic and adaptive characters there has been a long 
series of attempts to deal with these questions. 

In ancient times the matter was easily settled by in- 
voking supernatural causes. The higher systematic char- 
acters were assumed to have arisen by creation ; the later 
ones by natural means; but in practice even this view 
led to confusion, Ixjcause some authors regarded the 
genera, others the collective species, and yet others the 
constant elementary forms as the units which had been 
created. 

Our discussions have led us also along several differ- 
ent lines, to the conviction that, as a matter of fact, there 
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is a fundamental antithesis between ancient and recent 
characters, which finds its expression both in the phe- 
nomena of si^ecific differentiation, and in those of arti- 
ficial hybridization ; foi on the one hand forms can arise 
from others without the production of new factors, simply 
by the transference of factors already present into another 
condition, as from latent to active ; and on the other hand, 
by the genuine appearance of new elementary characters. 
Progress in organization is due to the latter process, 
whilst the former is to a large extent the cause of the di- 
versity of organic life. 

If we compare this exi^erimental result with the al)o\ e 
theoretical considerations, we may assume that the dis- 
tinction between older and younger characters consists 
in the difference between the formation of a new factor 
and the transposition of factors already present. On 
the basis of the doctrine of creation the origin of new 
units must be explained as being due to a supernatural 
cause, but no one has as yet applied this theory to the 
change in position of factors already present. Moreover 
in the light of the idea of evolution also the antithesis 
mentioned has its real and full significance. 

It would lead me too far to analyze here the concep- 
tions of other authors on these points, but such an anal- 
ysis has led me to the conviction that the difference be- 
tween the formation and the transposition of factors cor- 
responds closely to the difference which the best systcni- 
atists consider to exist between species and varieties.^ 
A form which owes its origin to the production of a new 
intenial factor is to be regarded as a species; a form 
which owes its peculiarity merely to the change in con- 
dition of a factor already present is to be regarded as a 

^ See also Vol I, p. 185, and Vol. II, pp. 7 ^- 72 - 
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variety or, as we have already expressed it in the first 
part of this volume (pp. 64, 71, etc.), the origin of new 
characters leads to specific differentiation, whereas the 
true derivative varieties arise by so-called retrogressive 
and degressive mutations without the formation of new 
characters. In my opinion this is, at any rate, the sim- 
plest view of the matter. 

This, however, is purely theoretical, for in practice 
our definition can, at present, only rarely be applied. Here 
however the principles of hybridization come to our aid ; 
for, expressed in hybridological terminology, our gen- 
eralization runs: Forms, all of the characters of which 
follow Mendel’s laws in crosses, are to be regarded as 
varieties of the same species. This form of our generali- 
zation obviously admits of an immediate application in 
every case where the material can be dealt with experi- 
mentally. 

Obviously this generalization is at present too sweep- 
ing; nevertheless the best investigators^ have regarded 
the study of hybridization as an empirical foundation on 
which this distinction may be based. Moreover the diffi- 
culties are not really so great as they seem to be at first 
sight; for as soon as the lx)dy of evidence will have at- 
tained a certain extent, definite laws will be detected 
which will fit the majority of cases by judging from anal- 

The species, however, which I am here distinguishing 
from varieties are the smaller or elementary species; the 
delimitation of the larger or collective species is, from the 
very nature of the case, a question not for the experi- 

Ht should not he forgotten that varieties have been called in- 
cipient species and that from seed they are just as constant as species. 

*See Nageli. he. cit., p. 396; Focke, lor. cit., pp. 488, 502; Nau- 
DIN, loc. rtf. p. 164 ; Adbado, Ioc. ciL, p. 9, etc. 
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mental but for the comparative biologist.^ The elemen- 
tary species are demonstrably the existing units of the 
system; whilst the larger species are only aggregations 
of these. They will therefore be discussed in dealing 
with the question of the practic?! differences between spe- 
cies and varieties. 

But, before I proceed to this, reference must be made 
to the more complicated but more common case in which 
two closely related forms differ from one another, partly 
by progressive and partly by retrogressive or degressive 
characters. To judge by the former they slionld be re- 
garded as elementary species, by the latter however, as 
derivative varieties ; and as they are liardly allowed to be 
in our system both at the same time, we must make a 
decision one way or the other 

With a view to clearing up these difficulties let me 
deal with a particular instance, and select Lychnis vesper- 
tina and L. diurna, which are regarded by several sys- 
tematists as belonging to one species, Lychnis dioica. If 
we regard these two forms as having been derived from 
a common original ancestor, and consider their individual 
characters, the difference in the color of the flowers 
stands out as the most striking distinguisliing feature. 
The flowers of the original species must obviously have 
been red, and those of L, vesperfina must have become 
white in the same way as those of other white-flowered 
varieties of red species. This view is supported by the 
fact that the colors of the flower* in these two species 
behave in exactly the same way in crosses as they do in 
many varieties, inasmuch as they conform to Mendel's 
laws. Other differences between the two campions are 

* I do not propose to enter here into the question of the desirabil- 
ity of a ternary nomenclature (see p. 65) ; it is entirely a question of 
convention. 
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the breadth of the leaves and the length of the flo>ver 
stalks. But these characters do not segregate in the 
offspring of the hybrids. They are presumably to be 
regarded as results of progressive specific differentiation.^ 
L. vcspertina is, perhaps, a white-flowered variety of a 
red-flowered species which has disappeared. At any 
rate I do not think we shall go far wrong if we conclude 
that L. vcspertina and L. diurna differ from one another 
partly by typical specific, and partly by varietal char- 
acters. 

Gartner has repeatedly expressed exactly the same 
view and has illustrated it by the same instance.^ He 
says that any doubt as to the specific difference between 
closely related species, as for instance between Lychnis 
diurna and L. vespertina, can be most easily removed by 
crossing; for if such species give exactly similar hybrids 
with some other, i. e., with a third species, the difference 
between the two is of a varietal nature only. But if this 
does not occur we have proof that the essential nature 
of the sjiecies crossed, although they appear closely related 
with regard to their external features, is specifically dis- 
tinct. For instance the two species of Lychnis just men- 
tioned give wholly different hybrids with Cucubalus vis- 
costis. On the other hand Gartner lays stress on the 
fact that these si)ecies l)ehave as varieties in regard to 
the color of their flowers when they are mutually crossed. 
Moreover Lychnis vcspertina behaves as a variety with 
regard to the bending over of the teeth of the capsule, 
that is to say as a retrogressive variety of a species with 
the character of L. diurna. 

n ^ historical and critical treatment of the point, see a paper 
^ K. Allen Rolfe. Hybridisation Viewed from the Standpoint of 
Systematic Botany, Journ. Roy. Hort. Soc., April 1900, p. 197. 

•G.\jitneil he . cif , pp. 581-582. 
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We will iKJW discuss the principle illustrated by this 
instance from a more general point of view. In the 
literature of the subject we frequently find the opinion 
that forms whicli are mutually fertile and produce a 
normal harvest of seed, giving fertile hybrids, are to be 
regarded as varieties of one and the same species. Forns, 
however, the union of which is fofiowed by a diminulion 
ill fertility and the hybrids of wliich are less fertile than 
the sjiecies crossed, are regarded by the majority of the 
investigators as specifically distinct. These generaliza- 
tions have served as criteria of relationship from the 
time of Kolreuter and Gartner u]) to the present; and 
Darwin himself relies on them in considerations of this 
kind.^ Based as they were on extensive experience and 
on a profound s^'stematic knowledge, they constitute prin- 
ciples which bid fair to become universally recognized. 
For these reasons; they deserve to be placed in the fore- 
ground as a convenient point of departure for our dis- 
cussion; and our object will be not to find out their weak 
points or to replace them by others, Init rather to give 
them the more definite forms required by our preseni 
knowledge of hybridization. 

Therefore we will start from the oft-cited proposi- 
tion that varieties are only small species.- This means 
that the difference between species and varieties is not 
of a fundamental nature but rather of a gradual or even 
a conventional kind. Moreover we will start from the 
conception enunciated in the first part of this volume, 
according to which the forms which compose the collec- 
tive species are mainly of two kinds fp. 64) : Homonom- 

See Focke, Die PHansenmischlinge, pp. 436, 446-502, etc. 

*See Vol. I, p. 171 and above p. 580. 
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otts forms or elementary species and derived forms or 
true varieties, 

- As we concluded in § 7, Part I, p. 65, the origin of 
elementary species is due to the formation of new ele- 
mentary characters, i. e., to their actual numerical in- 
crease. True varieties differ from the species to whicli 
they belong by the latency of certain characters, which 
may either be active as in the type of the species, or latent 
as in tlie variety, or which may occur in a latent or semi- 
latent condition in the former, and become active or semi- 
active in the production of the variety. In other words, 
we may say that elementary species arise by progressive 
mutations, but derivative varieties by retrogressive and 
degressive ones (p. 71). 

If we now compare the principles derived from the 
study of hybrids with these conclusions, we see that the 
two main ty])es of hybrids are in essential agreement 
with these two systematic groups. Mendelian hybrids 
correspond to retrogressive and degressive specific dif- 
ferentiation, and consequently to true varieties; uni- 
sexual liybridizations correspond to progressive specific 
differentiation and consequently to elementary species. 

There can hardly be any misconception as to the sig- 
nification of this important conclusion. But it only indi- 
cates the principle and not its application to particular 
cases; and, as a matter of fact, it is only another form 
of the generalization enunciated above relating to the 
fertility of crosses and hybrids. For Mendelian crosses 
have as a rule the same fertility as the pure parent fonus, 
and fertility does not diminish in the subsequent hybrid 
generations. In uni-sexual crosses, however, fertility di- 
minishes and it does so in proportion as the relation be- 
tween the two forms crossed becomes more remote. 
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The truth of this ronclusion has become more obvious 
owing to the attention which has been paid to the subject 
since the re-discovery of Mendel’s work. The paral- 
lelism between the two groups of hybridization and the 
two types of systematic suLvxi visions has been most ex- 
haustively dealt with by Tschermak, vho attempLed to 
base upon it a principle of distinction between the spe- 
cific hybrids and varietal mongrels.^ 

We will, then, regard the principle in its new form 
as demonstrated, and examine the question why the cri- 
teria which it supplies are not sufficient for universal 
application. In doing so 1 shall, for various reasons, 
leav^e the mutation crosses, which Tschermak also re- 
gards as specific hybrids, out of consideration ; and shall 
denote the Mendelian hybrids as bi-sexual in accordance 
with Macfarlane’s terminology, employing also the 
term uni-sexual in the sense in which it is used by that 
author. Expressed very briefly, therefore, bi-scxnal 
crosses produce varietal hybrids, unisexual ones spe- 
cific hybrids. 

But some limitation is necessary; and herein lies the 
difficulty of the question, which is felt by every one who 
endeavors to apply the conclusions drawn from the study 
of hybrids to taxinomic problems. This limitation is, that 
the criterion really applies only to monohybrids; for di- 
polyhybrids, however, only in so far as they can I>e com- 
pared with these. 

We have given the name oi monohybrids to those 
mongrels whose parents differ from one another in a 
single elementary character only. Obviously they occur 
both in uni-sexual and in bi-sexual crosses. But, of 

’E. Tschermak, in the third appendix to his edition of Men- 
del's Versuche iiber PHansenhybriden, p. 58. 
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course, any given monohybridic cross can only belong 
to one of these two groups. If it is bi-sexual and be- 
haves in a Mendelian fashion we may immediately infer 
that the two parents are to be considered as varieties.^ 
If it is uni-sexual they are elementary species, of which 
the one must have been derived from the other. 

The di-polyhybrids are mongrels whose parents differ 
from one another in respect of two or more elementary 
characters. Two cases must be distinguished. Let us 
confine ourselves first to the dihybrids. In some cases 
the two points of difference may belong to the same 
category and therefore follow the same laws in the crosses 
and their products. If each of them, considered by itself, 
would lead to the conclusion that the parents were related 
as varieties, the same conclusion will obviously hold good 
for the combination. So, for instance, is Papaver somni- 
fcrum polyccphabim Danehrog to be regarded as a vari- 
ety ; so also, if it is allowed to judge by analogy, Calliopsis 
tinctoria pumila purpurea fVol. I, p. 197). For the same 
reason the compound cokers, which may be split into their 
components by means of crossing and can be recon- 
structed out of these, fall within the category of varietal 
characters. 

Similarly forms, of which one has arisen from the 
other by two successive mutations in the progressive di- 
rection, and whose crosses, therefore, conform to the laws 
of uni-sexual unions, would most certainly have to be re- 
garded as elementary species. 

* *\nd this independently of the nomenclature chosen. For in- 
.stance according to the principles enunciated above, Chelidonium 
laantatum Mill will have to be regarded as a variety of C. majus, 
even when this more convenient name is retained. See Part I, p. 65. 
And from a practical point of view it would be very desirable to drop 
the attempt to correlate the nomenclature with the ever-changing 
systematic conceptions. 
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It may, however, also happen that in forms which 
differ from one another in two points only, one of these 
would give a bi-stxual uni'^n, whilst the other would lead 
to a uni-sexual cross. Such is the often cited instance of 
Lychnis vespertina X diur^ a One of the characters 
would follow Mendel's law in crosses, whilst the other 
would tend to produce a constant intermediate fonn.^ 
In tins case, aci*<u cHng to the former character, one parent 
would be related to the other as a derivate variety, but ac- 
conling to the latter as a homonomous elementary species. 

Exactly the same, though to a greater extent, must 
be true of tri-polyhybrids. The points of difference be- 
tween their parents can be all uni-sexual or all bi-sexual, 
or some of them uni-sexual and others bi-sexual. In 
the first case the parents are to be considered as ele- 
mentary species, in the second as varieties; in the third, 
however, the principle affords no decision. 

It is just this case which appears to be the commonest 
in nature. In experiments in hybridization, we must, if 
we wish at all to elucidate the laws to which the results 
conform, confine our attention to certain points of differ- 
ence and leave all the rest out of consideration as of 
sutordinate importance. Mendel did this in his experi- 
ments with peas, and the same has to be done in crossing 
Maize, the races of which do not differ from otle another 
exclusively in varietal characters ; so also in Lychnis ves-- 
pertina and diurna and in many other cases. 

It would take us too long to continue this discussion 
further, and to accumulate examples ; my meaning will, 
I believe, be sufficiently clear. It may he expressed in 

*I call to mind the Oenothera Fohliana (O. lataXbrevistylis) , one 
of my crosses, the foto-character of which behaves as a mutational 
character in a cross; whilst the shortness of the stamen behaves as 
a Mendelian character. 
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its simplest terms, if we call those qualities which in cross- 
ing conform to Mendel's law, varietal characters, and 
those which give uni-sexual unions, specific characters, 
'fhis would conduce to a more general form of the thesis 
based on the experiments with Lychnis (p. 582), viz., 
that two related forms can differ from one another simul- 
taneously in varietal and in specific characters. 

Are they therefore to be regarded as varieties or as 
species ? Here we arrive at the boundary which separates 
facts from conventional terminology. Here lies tlie point 
to which Goethe refers in his well-known lines: 

“Dich im Unendlichen zii finden, 

Musst unterscheiden und dann verbinden.” 

The process of distinguishing is an ol)jective one, 
that of combining subjective. The former is the imme- 
diate result of inquiry ; in our case, of systematic studies 
on the one hand, and of experiments in hybridization on 
the other. The combination is partly a question of taste ; 
it has to serve special aims; and above all it must facilitate 
general conceptions and mutual understanding. 

It is not my task to go more deeply into the question 
of .systematic subdivisions or to make any definite pro- 
posals.^ My sole object is to place the actual facts in as 
clear a light as possible. This attempt, however, again 
leads to the conclusion that here also this insight can 
only l)e obtained on the basis of the theory of mutation. 
It is only by attempting to analyze the species into its 
component factors, the elementary characters, that we 

' Tf two forms were found to differ from one another exclusively 
in varietal characters, but the number of these were very large, they 
would probably have to be separated as species. Here also the dis- 
tinction between species and variety is an arbitrary one, and as a 
matter of fact, many of the larger groups and sometimes even whole 
families have among their distinguishing marks some which do not 
really differ from varietal characters.” 
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can hope to arrive at a conception of sj^ecies which shall 
be lx>th in accord with the facts, and justified by experi- 
ment. 

Of course, I am well aware that the experiments 
which have been carried on up to ^he present are by no 
means sufficient and that much remains to be done. Nu- 
merous experiments in hybridization are necessary before 
they can serve as foundation for systematic distinctions. 
But the leading principle in these researches tnust always 
be the atteini)t to determine tht; elementary characters. 


§ 4. thk practtcal conception of species. 

Both collective and elementary species are called spe- 
cies; and this twofold significance of the word has thrust 
its roots so deeply into the history of descri])tive biology, 
that it will probably never be wholly eradicated Lin- 
naeus himself confused the two ideas; and whilst some 
readers derive from the study of his works the conviction 
that in his mind the collective forms were the true spe- 
cies,^ others come to a different view <ff his attitude, and 
believe that in formulating the conce])tion of species, he 
was considering the real units of the system.^ 

The fundamental conception from which almi'jst all 
investigators start, is that species are the only reni enti- 
ties.'^ As to what these entities are, opinions differ. 
"‘On ne peut pas douter,'’ sa\s 1)e Candolle, “cpie le 
groupe appele espece par Tillustre Suedois ne fut, dans 

’ See Vol. T, p. 20 

® S Belli, Observaihms critiques sur la rcalitc dcs es/>eces en 
nature au point dc vue de la systSmatique des vegHaux, 1901. 

*C Nacet.l Tinistehung und Begriff der naturhistorischrn Art, 
1865, p. 3T. 
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sa maniere de voir, une association de fonnes voisines.”^ 
On the other hand Jordan, as is well known, based his 
conception of the smaller or elementary species as the 
real sj^ecies on the same fundamental proposition. The 
wish to see in the species something real, has always 
played a prominent part; but the reality as it appeared 
to the descriptive biologist has been very different from 
that in the mind of the experimental investigator. 

It would certainly be desirable to agree to call only 
one of the two groups s^xicies; it is only the question 
which. The older view and the popular idea limit this 
term to the larger groups, and give the name of sub- 
species to the smaller ones.- But the term sul)species, 
as it is now in use does not signify a unit, but a group 
of units which is also comj)ound and merely differs from 
the s|>ecies itself in being smaller (Part I, p. 60). The 
modern tendency is to regard the smaller types as spe- 
cies, and wherever the criterion is of an ex])eriniental 
kind, like that employed by Jordan, this view will pre- 
dominate. Its importance to descriptive l)iology has re- 
cently l)een demonstrated in a most clear and convincing 
manner by Belli and there seems every prospect of its 
lx?ing recognized by the l^est systematists. 

It has l)een proposed to denote collective species by 
a s|x?cial name, and the word “stirp” has been suggested. 
This term has Ix^en applied in this sense by several sys- 
tematists,^ and Belli has adduced a long series of histor- 

' Alph. de Candolle. Archiv dcs sc. dc fa bihl nnivcrseUc , Ce- 
nex a. Fcbr. TtS78, Vol, LX I, p. 4 

* In what follows. T shall leave varieties, in the ‘;cnse in which 
this term has Ixen used in the foregoing sections, out of account. 

* S Belli, foe ciL 

* For instance, H. Lfm^iLife. MoHograf>hic du genre Oenothera, 
1902, T. pp. 72, 106, etc. 
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ical and critical arguments for this practice. The word 
stirp would perhaps C(>rrespond most closely to the Ger- 
man word Sippe} although this word has been employed 
by various authors in a different sensed' At any rate it is 
most desirable to make sont'^ distinction of this kind, and 
Beli-i's suggestion might well form the foundation of 
such. But questions of nomenclature have little interest 
in this discussion and I prefer to leave the task to others. 

W’e may now proceed to the practical delimitation (^f 
the conception of species. 

Descriptive biolog)* wants a definition, independent 
oi the results of hybridi^^ation : in its commonest form it 
is based on the absence or presence of transitional forms, 
as was explained in the first part of this volume. Groups 
of individuals which are connected together by transitions 
are considered to belong to the same s])ecies. The limits 
between species correspond to gaps in the vSeries.**^ With- 
nut some .such convention the description of species oc- 
curring in collected material would be impossilJe ; and this 
method has been employed by the best systematists since 
the time of De Candolle. It is only ^vhen direct cvjveri- 
nients can be carried out tha^ the problem can be dealt 
with in a different way. 

Two difficulties, however, present themselves, which 
1 shall now briefly deal with. In the first place, exactly 

’ Die Mutationen und die Mutationsperiodcii het der hnfstehung 
dcr Arten. Leipsic, Veit & Co., 1901, p. 14. 

*C. CoRRENs, Scheinhare Ausnahh^en von der Mendel" fchcn Spal- 
tungsregel fiir Bastarde, Bcr. d. d. Lot Ges , 1902, Vol XX, Part y 
p, 170. See also the same author in Ber. d. d. hot. Ges., i^i, Vol. 
XIX, p. 77, note I, and his Monographic der Maisbasfarde, p r, and 
Von Wett.stein, Grundzuge der geographisch-morphologischcn Me- 
thode der PHanzensystematik , 1898, p. 3. 

* See, for instance, AnnSc htologique, IV, 1898, p. 470; V, 1899, 
p. 377 and elsewhere. Also Borradaille, On Crustacians, 1901, p. 193; 
Grisebach, Die Vegetation der Erde nach Hirer klimatischen Anord- 
nung, 1872, p. 9, and so forth. 
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the best varieties are, as a rule, not united by transitional 
forms with the parent species ; in the second place, trans- 
gressive variability tends to obscure boundaries where 
they really exist. These limits are often overlooked in 
the descriptive method, and the search for them can only 
be carried out on experimental and statistical lines. With 
good right De ^andolle speaks in such cases of provi- 
sional species.^ 

§ 5. the parallel between systematic and 

SEXUAL RELATIONSHIP. 

Since the doctrine of descent now commands general 
recognition, it is desirable that the systematic divisions 
should be an expression of the various degrees of rela- 
tionship. Even before the appearance of Darwin’s 
works it was recogniz.ed that the task of systematic biol- 
ogy' as a descrijitivc and classificatory science was differ- 
ent from the mere cjuestit^n of actual relationship. To in- 
vestigate this and, where ])ossil>Ie, to bring the divisions 
of the natural system into harmony with it, these were 
the ends which the ])ioneers in the study of hybridization 
had continually in view. 

The result did not, however, correspond to this ex- 
pectation. We have not, as yet, succeeded in bringing 
into harmony the study of hybridization with that of 
systematic biology. Nageij expressed this^ incompati- 
bility most clearly by introducing his conception of sex- 
ual affinity. The degree of this affinity between two 
types was judged first by the degree of their fertility 
when crossed with one another, and, then, by that of the 
fertility of the hybrids thus produced. 

* Ai.Pii. DE CxNDOTXE, La Phytographic, pp. 98, 167. 
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The simplest form to which it has l)een proposed to 
reduee the parallel between systematic and sexual rela- 
tionship, is the following: (1) Plants which produce 
offspring when crossed with one another, always belong 
to the same genus; (2) ’'^lants whose fertility is not 
diminished in crossing Ijelong to the same systematic 
species (or collective sjjecicb). Both gjiieralizations are 
in great favor and are defended l)v ])rominent investi- 
gators. Hiey have, liowever, a weak side, viz., that they 
cannot be reversed. 

Let us first examine the former proposition. It ile- 
nies the existence of hybrids between distinct genera* 
or so-called generic hybrids. It originated amongst those 
philosophers who regarded the genera as having been 
created, the species, however, as having arisen from them 
by natural means. We have already dealt with the his- 
torical significance of these transmutationists in the first 
volume (p. 17). To them the view, stated above, is also 
due, that not only do species arise within the genera by 
a normal process of evolution, but that new forms may 
arise from these species by crossings. W. Herpkrt is 
the most famous representative of this view.^ which was 
later defended by Godron. The latter investigator de- 
scribes all genera, the species of which are fertile with 
those of related genera as artificial, and has collected a 
mass of evidence in support of this view.^ 

No fundamental objection can be brought against this 
view, and its adoption would »jad in relatively few cases 

' W. Herbert, Amaryllidaceae, With a Treatise Upon Cross-bred 
Vegetables, London 1837, pp. 337 et seq. See also Gartner, he. cit , 
p. 152, and Nageli, Sitsungsher. d. k. bayr. Akad d. Wiss., Dec. 15, 
1865, p. 400. 

* A. Godron, De Vcsf^ece et des races dans les Hres organises, 1859, 
Vol. I, pp. 225-236, and Mem. Acad. Stanislas d Nancy, 1862, pp. 20 - 
298. 
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to an enlargement of genera. On the other hand it would 
put a check on the splitting up of genera which has been 
so ihuch in vogue of recent years, and not less to the 
elevation of subgenera to the rank of genera. In practice, 
liowever, the application of Herbert's suggestion has 
l)roved impossible. At that time there were only a few 
generic hybrids, 4>ut their number has undergone a con- 
siderable increase; partly no doubt through the arbitrary 
splitting up of genera mentioned above, but partly also 
through the rapid accumulation of experimental data. 
Bcrberis and Mahonia (e. g. B, Neuberti) could well be 
united into one genus. The suggested union of rye and 
wlieat, a hybrid between which has been raised by Rim- 
into a single genus Frumentum, is not likely to 
win much favor; and the fact that Burbank, in Cali- 
fornia, has raised a hybrid between Mcn/iawa Petunia 
which he calls Nicotunia,^ will hardly be regarded as a 
sufficient ground for a systematic union of these two 
genera. There are now alx)ut 150 bi-generic hyl)rids 
amongst the Orchids, especially l)etween the genera Lae- 
lia, Caftlcya, Epidendrum and Sophronitis, as also be- 
tween Zygopctahim, Colax and Batemannia,^ 

The practical difficulties which stand in the way of 
Herbert’s proposal are, on the one hand, the fact that 
the limits to possible hybrid combinations are by no means 
<lefinite, and on the other hand, the objectiAi, which has 
so often l)een raised, that crosses are exceptional phe- 
iBBuenn and that it would therefore be impossible to 

'W, Rimpw, Kreuzungsprodukte landwirthschafilichcr Culture 
pdimzen. Landwirthsch. Jahrb., 1891, p. 20, and PI. VI, Fig. 5& 

® Luther Burbank, New Creations in Fruits and Flowers (Bur- 
bank’s Experiment Grounds, Santa Ro.sa, California), 1893, with a 
figure of tlie Nicotunia 

*C. C ITurst, Journ. Roy. Hort Soc., Vol. XXTV, pp. 102. 125. 
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apply the principle in those numerous cases in which they 
fail. With regard to the fanner point, it should be noted 
that there are numerous natural h>brids which cannot as 
vet be made artificially, as for instance Ribes Gordonia- 
num ; in other words that many possible hybridizations 
do not succeed within the narrow limits of an experiment. 
The impossibility of a successful cross can therefore 
hardly ever l>e proved experimentally. With regard to 
the second point it suffices to cite the fact tliat in the 
great majority of genera no sjx'cific hybrids exist at all ; 
and that therefore here the delimitation of genera accor- 
ding to this principle, would fail entirely. 

We come now to the species. Kolreuter exi)resse(l 
the view’ that crosses within the limits of these are fertile 
and give fertile offspring; whereas crosses between spe- 
cies would either show a lessened fertility or at least 
would produce infertile hybrids. Gartner and most of 
the more recent investigators have subscribed to this 
view, except that they regard diminished fertility, rather 
than the actual absence of it, as the index of the bound- 
aries of file species.^ 

But even to these generalizations the exceptions are 
so numerous that unanimity in their apjdication has not 
yet been reached. The parallel between sexual affinity 
and systematic relationship holds good in genera!, but 
fails only too often in particular cases.^ Naudin re- 
garded these deviations from the rule as exceptions,'^ and 
Abbado and several other investigators have claimed the 
determining cause of these exceptions in individual cases 
to be the task of hybridological researches.^ 

* Gartner, loc. cit., pp. 163-164, 578 - 579 * etc. 

* See Murbeck, Botaniska Notiser, 1901, p. 214. 

* Ch. Naurin, UHyhriditi dans les vSgetaux , 1869, p. 145. 

* Abbado, Vibridismo net vegetali, 1898, p. 48. 
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These causes may fall into two entirely different cat- 
egories ; on the one hand, they may consist in insufficient 
systematic knowledge, on the other, in the insufficient num- 
ber of experimental crosses. With regard to the former 
point it should be remembered that, although the sys- 
tematist frequently takes latent characters into considera- 
tion, it is obviously by no means always possible to de- 
cide on systematic grounds whether a character which 
we do not see is really absent or exists only in a latent 
condition. Nevertheless, latency is often regarded as a 
retrogressive metamorphosis and therefore as the mark 
of a variety: whereas absence is considered as a phylo- 
genetically older step and therefore as a specific character 
(see above p. 71). 

From this discussion we see that we may cross a plant 
in which any given character is active either with one in 
which the internal factor for this character is absent, or 
with a species or variety in which it is present but in a 
latent or inactive state Externally there is no difference 
between two such crosses, but fundamentally they are 
exactly opposite, and therefore it is to be expected that 
their results will differ. The cross, active X absent is a 
uni-sexual union and will presumably lead to a halving 
of the external characters of the parents in the hybrid, 
whereas the cross active X latent is a bi-sexual one. and 
follows Mendel^s laws, at least in ordinary Ases. Many 
paradoxes, which at present seem to negative the parallel 
between systematic and sexual affinity may perhaps be 
explained by more exact investigation on these lines. 
Focke gives the following cases as instances:^ **Silene 
vulgaris, and S. maritima, Capsella rubella and C. bursa 
pastoris, Phaseolus vulgaris and Ph. multiflorus, or the 

’ Focke, he, ch . p. 448. 
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species of Diplacus {Mimulus) do not seem to be mor- 
phologically more remote from one another than Tro- 
pacolum majus and 7V. minus, Nicotiana latissnna and 
A' . Marylandica, N. rustica and N. Texana or Pisum sa- 
tivum and P. an^ensc. Nc .ertheless the results of cross- 
ing in tlie former cases exhibit all the cliaracters of hy- 
brids, but in the latter those of mongrels.” Focke sum- 
marizes his conclusions on this .subject in the thesis that 
“systematically jirobable” crosses oftett miscarry, whilst 
improbable ones sometimes succeed (loc. cit., p. 457). 

b"ven regarded from this jioipl of view th<' difference 
between Mendelian and uni-sc\ual crosses offers itself 
as a criterion for distinguishing lietvveen sjiecies and 
varieties. 

But sexual affinity (U)es not always give reliable in- 
dications. In tlie first place (J.vutnek fretjuently found 
that fertility, as measured by the number of seeds ripen- 
ing in a capsule, is different in reciprocal crosses. This 
shows that it is not merely determined by the degree of 
relationship, but obviously by some other causes besides. 
The best known of these is the lengtii of the .style; and 
the recent investigations of Borck on the concentration 
and stimulating properties of the fluid secreted by the 
stigma have thrown much valuable light on this subject ^ 
In extreme cases one of the cro.sses succeeds well, whilst 
tlie other does not at alb as for instance Mirahilis Jalapa 
X lougi flora, Geuin nrhanuw X rivalc, Soplironitis X 
Cafflcya, and so forth. In the second place some crosses 
do not succeed in spite of a very close apparent relation- 
shin, as for instance between AnagalUs arvensis and coc- 
mica (Gartner). 

* W. Burck, Over de heweging der slempels by Mimulus cn To- 
renia. Sitzunffsber d. Koii. Akad. d. Wet., Ambterdam, 1901, and 
in previous articles. 
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I do iK)t propose to elaborate this theme further; it 
lias often been dealt with and especially in great detail 
by Focke, who has presented it in a masterly way in his 
textbook on plant hybrids. The main conclusion, how- 
ever, is that the majority of authors agree that systematic 
and sexual affinity, if properly understood, are essentially 
parallel; indeed, that they are really no more than two 
manifestations of one and the same thing, but that we 
have not yet succeeded in explaining the apparent ex- 
ceptions to this parallel. 

h'or our purpose, however, the important question is, 
whether the diagnoses of siiecies and varieties will grad- 
ually come to be based on elementary characters as units, 
and whether sexual relationship will come to be judged 
i)y the number of differentiating units. Gartner has 
already pointed out that those genera in which the largest 
nunilxjrs of hybrids have been produced are exactly those 
in which the numl)er of very closely related species is 
the greatest (loc. cil., p. 168). N.\geli has elaborated 
this idea and Sachs has followed him in his Lehrbiich 
tier Botanik. Abbaix), Hurst. Gillot and many others 
ha\'e also sulwcrilied to this view. 

The opinion expressed by these writers on the paral- 
lel l)etween systematic and sexual affinity, may be sum- 
marized in the following thesis, viz., that the fertility 
of crosses and of the hybrids resulting frc^^i them, di- 
minishes, on the average, as the number of points of 
difference (that is to say, that of the elementary char- 
acters, which constitute the differences) increases. But 
many more experiments are necessary before this sug- 
gestion can be examined critically or be regarded as 
resting on a sure foundation of experimental facts. 



IL THE RANGE OF VALIDITY OF THE DOC- 
TRINE OF MUTATION. 

§ 6. THE SIGNIFICANCE OF THE WAILABLE EVIDENCE. 

Unlike the prevailing form of the theory of selection, 
the doctrine of mutation lay.s stress on sudden or dis- 
continuous changes, and regards only these as active in 
the formation of species. The Darwinian form of the 
theory of selection regards both these and fluctuating 
variations as operative in the origin i>f new form.'^, whilst 
Wallace favors the other extreme, according to which 
all formation of species goes l)y a slow and gradual 
process of change. 

The tw() schools of thought naturally adoi)t different 
attitudes towards the doctrine of mutation. It is at once 
rejected by Wallace's adherents, whilst those who in- 
cline to Darwin’s own form of the theory are less un- 
reservedly inimical ; many of them have even greeted it 
with open arms. 

Inasmuch as these two lines of thought have lieen 
clearly manifested in the criticpies which have Ijeen pub- 
lished of the first volume of this work, I propo.se to dis- 
cuss them briefly here, in order to jx^int out the funda- 
mental questions which are involved in this controvensy. 

The extreme opponents of my theory maintain that 
there are no mutations at all: Natura non facit salfus, 
they say. What I have described as discontinuous changes, 
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are, in their opinion, merely the extreme deviations 
brought about by ordinary variability; for the further 
these are from the mean, the rarer they are, and the 
greater are the intervals by which they are separated. 
The number of petals. in Ranunculus bulbosus semiplenus 
oscillates around 9 or 10, frequently reaching 14, very 
seldom 20-23. Only in one case did I observe a larger 
number, which happened to be 31 (see p. 252). The 
gap between 23 and 31 is, however, not a discontinuous 
variation. It is perfectly normal, and quite a common 
occurrence in this part of Quetelet's curves. In a 
general way, gaps of this kind in the curves of variation 
may be thus explained, and according to my opponents 
the so-called springs and jumps have to be explained in 
the same manner. They are assumed to be no more than 
the extreme variants of series which when investigated 
further, would prove to be continuous ones. 

This view is chiefly maintained against my opinion 
by morphol gists* and statisticians.- It is, as Kor- 
sciTiNSKY has lately shown, directly contradicted by horti- 
cultural experience;*" and the absence of transitions and 
the stability of my new .species of Oenothera prove that, 
in this case at any rate, true mutations do occur. The 
greatest obstacle in the way of agreement on this point, 
however, lies in the phenomena of transgressive varia- 
bility, which to the morphological observe%so often give 

’ Amonp my numerous critics I mention here Ch Schroder, 
Pic Pariahilitat dcr Adalia hipunctata L., Allgem Zeitschrift fitr 
Entomologie, Vols. VI-VIT, 1901-1902. The view taken by Schroder 
has since been pro\ecl to be erroneous by the experiments of A. G. 
Mayer on the colors of butterflies. See Effects of Natural Selection 
and Racc-Tcndency Upon the Color-Patterns of Lepidoptera, Museum 
Brooklyn Inst, of Arts and Sc., 1902, Vol. I, No. 2, p. 31. 

*Sec the journal Biometriha and especially the articles in it by 
Weldon. 

•S. Korschinsky, M^m. Acad, Imp, Petershourg, 1899, IX. 
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tlic appearance of t*-ansitJonal forms and only reveal 
their true nature when tested by breeding experiments. 

Several of the critics »%dio have expressed themselves 
more or less favorably on my theory, have pointed out 
that the greatest danger for it lies in this very point. In 
a very clear and concise summary of the doctrine of muta- 
tion Mac Dougaj. has expressed himself as follows : “The 
greatest misunderstanding which miy likely arise in the 
consideration of these results will be that founded on the 
error of confusing fluctuating variability and niutabil- 
ity."*' 

The distinction between species-forming and fluctu- 
ating variability was first deri\ed by Darwin from his 
theory of pangenesis, and this may perhaps explain the 
antipathy which so many investigators bear towards it,- 

The great majority of writers assume that fluctuating 
as well as discontinuous variability play a part in the 
formation of species.*"^ This view of Darwin, wliich 
under Wallace’s influence gradually shifted into the 
background, has in latter years come again prominently 
to the front; and the various investigators concede here 
a less or there a greater share to discontinuous variations 
or mutations, according to their preconceptions and their 
experience in investigation. This long senes of shades 
of opinion would seem to indicate that we are not con- 
cerned here with an independent principle, but with a 
gradual change of opinion from the prevailing theory 

'D. T. MacDougal, The Origin of Species hy Mutation, Torreya, 
1902, Vol. II, p. 99. 

*See Intracellular Pangenesis, e. g., p. 214 (English ccl), and 
Ber. d, d. Ges,, 19CX), XVIII, p. 83. 

* Von Wettstein has inihlished a useful summary of his views 
in the form of a lecture delivered to the Scientific and Medical Asso- 
ciation at Karlsbad, and entitled Der N co-Lamar ckismus und seine 
Besiehungen sum Darivinismus, 1903. 
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to some other one ; and especially amongst American in- 
vestigators the tendency has been in recent years to pro- 
ceed as far as possible in this direction. 

If we look for a fixed point among these oscillating 
opinions we may well choose the view repeatedly ex- 
pressed by Darwin himself, that it is possible to imagine 
that characters may originate by a slow process, but may 
disappear all of a sudden.^ In combining this with the 
distinction made in the first part of this volume between 
progressive, retrogressive and degressive formation of 
species, the proposition would run; Progressive forma- 
tion of species may occur slowly and gradually, whilst 
retrogressive and degressive specific differentiation is due 
to mutations. Progressive differentiation consists in the 
formation of a new character which was not previously 
present; whilst retrogressive and degressive differentia- 
tion consists in the transference of internal factors, al- 
ready present, from one condition to another. In the for- 
mer case the active unit becomes latent; in the latter the 
latent becomes active, or the semi-latent semi-active ; but 
the material vehicles of these characters remain fnnda- 
nientally the same throughout; nothing new arises in the 
idioplasma.^ 

In horticulture, as we have seen, mutations are largely 
of the retrogressive or degressive kind. Discontinuous 
formation of species on the progressiveiUine is much 
rarer. Nevertheless I believe that my researches with 
Oenothera have contributed instances which may demon- 
strate the occurrence of progressive mutations in this 
s|X'cies at any rate. Obviously there is a great need of 

* With reference to this point see the valuable critique by L 
Pi-ATE. Ueber Bedeutung und Tragweite des Danvin*schen Selections- 
rnnc{f>s, 1900. p. 37 and elsewhere. 

* Sec below, §§ 9-11. 
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further investigatic ns on this point, and these should 
not merely be concerned with new phenomena, but with 
the testing of results already obtained ; for many instances 
of discontinuous origin stand in need of more convincing 
proof, and in other cases the progressive nature of a 
process which is interpreted as a mutation is often subject 
to doubt. In siich investigations attention should be 
paid to tlic (juestion whether tlie hypc^thetical prenmta- 
tions may perhaps be prepared gradually, whilst the iiew 
character which has l^eeii so developed in secret, might 
unfold suddenly. But it wih take many years to decide 
these points 

Starting from general arguments KoLiaKER' was 
the first to insist on the importa ire of mutations against 
Darwin, indicating the process, which was then a purely 
hypothetical one, by the name heterogenic development. 
Others have expressed themselves favorably with regard 
to this view ; especially K. E. von Baer and Bronn, and 
also Haacke, G. Pfeffer, Delage, Cunningham, 
Wolff, Dreyer, Driesch, Emery^ and many others. 
This doctrine has of recent years found its strongest 
champion in Bateson, whose views I have already dealt 
with above. Those authors too, who have made mono- 
graphic studies of special genera and species have wel- 
comed it; for instance Wittrock, in his study of Viola, 
inclined to the view that species have originated di.scon- 
tinuously. Further, this doctrine is defended on purely 
speculative grounds by many prominent biologists, among 
whom I need only mention Von Hartmann and also 
Hamann and Kersten,^ On the zoological side Hu- 

*K6lliker, Abhandl . Scnckenb . Gescllsch ., 1864, pp. 223-229. 

* Emery, Biolog. Ceniralblait, 1893, No, 13, p. 723. 

* See the careful and critical exposition in H. Kersten's Die 
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BRECHT and Morgan have expressed themselves in favor 
of the new view,^ the latter on the ground of his studies 
in the regeneration of injured organs.^ 

Amongst practical agriculturists my views have been 
well received by Em. von Proskowetz and Hjalmar 
Nilsson. The former has conducted a long series of in- 
vestigations on the transformation of the wild Beta patula 
into the sugar beet; and it was found that the changes 
do not by any means take place by imperceptible tran- 
sitions but suddenly.^ Each new character is brought to 
light at one stroke ; it is not the product of selection but 
of internal processes, the nature of which we do not as 
yet know. Even such secondary characters as color, 
change in the same way. Hjalmar Nilsson, the direc- 
tor of the practical and experimental station for the im- 
provement of seed at Svalof in Sweden, has for many 
years been collecting a valuable mass of evidence, which 
promises to throw great light on the doctrine of muta- 
tion, but has not as yet, l)cen grouped for that purpose. 
Judging from the oral and otlicr communications which 
I have received from time to time from this investigator, 
I may state here that his results are in perfect harmony 
with the doctrine of mutation.^ 

idcajistischc Richtung in dcr modernen Entivickelungslehre, Zeitschr. 
f. Naturw., 1901, Vol. 73, p. 321. 

* A. A. W. IIuBRECHT, Dc evolutie in nieuwc banen, Utrecht, 1902. 

^ *Th. Hunt Morgan, Damnnism in ihc Light Iff Modern Criti- 
cism, Harpers Monthly Magazine, Feb. 1903. and in many other 
papers. 

*Em. V. Proskowetz Jr.. Cultun^ersuche mit Beta, 1892-1901 in 
Oesterr.-Ungar. Zeitschrift f. Zuckerindustrie iind Landwirth.schaft 
des Ccntralvereins f. Rubenzuckerindustrie in d. Oest -Ung. Mo- 
narchic, 1892-1902. I'hc experiments of a given year will he found 
m the mimher for the following year, and in the number for 1892 will 
be found an account of the earlier experiments and the literature of 
the subject. For the mutations which occurred see especially the 
number for 1902. 

^See the various numbers of the journal Issued by the experi- 
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To the iiiiport''nt observations already mentioned, 
made by HEiNRiCHEk on Iris pallida abavic, by Solms- 
Laubach on Capsella^ by Wittrock on P^iola, by Bailey 
and White on Tomatoes, and by many others, I have 
here to add the following. Noll has described the sud- 
den origin of a regular tendril in Trop leolum, and draws 
conclusions from this in favor of the jx^ssibility of dis- 
continuous changes and their sigr'ficance for the theory 
of descent.^ Tracy has observed the sudden origin of 
a dwarf variety of Phascolus liinatus,^ Macfarlane hriS 
investigated the variability in the genus Prunus/^ Cartjel 
has c(dlectefl a number of cases in which direct transitions 
can l)e demonstrated and calls them “Euthymorphoses.”^ 
Carlson has investigated the mutations of the forms of 
Succisa occurring in Sweden,^ and Laurent expresses 
liimself in the same way with regard to several species 
of fruit trees.^ Dr. J. W. IIarsuberokr sent me mate- 
rial of Hibiscus moscheutos and Euphorbia ipecacuanha 
from Pennsylvania, the extraordinary abundance of forms 
in which seems to indicate the occurrence of a period of 
mutation in these species; and Mr. L. Cockayne has 
given me information on some transformations of Saro- 
thamnus scoparius and Lupinus arboreus observed by 
him in New Zealand. It may further be mentioned that 

mental station at Svalof, Sveripes Utsadeforeninf's Tidslnft, and 
particularly the Arsbcrdttelse under ar 1901, in Vol. XII, 1902, No. i, 
page 3. 

’ F. Noll, Das Auftreten einer t'^^pischen Ranke an einer sonst 
raukcnlosen PHanzenart, Sitzungsber <1 Niederrhein. Ges f. Naturk., 
Bonn, Jan. 14, 1895. * 

* W. W. Tracy, American Naturalist, 1895, XXIX, p. 485. 

^ J. M. Macfarlane, Publications of the University of PennsyU 
vania, 1901, p. 216. 

* T. Caruel, Bull. Soc. Bot ItaL, Florence, 1896, p. 84. 

*Bot. Not,, 1901, p. 224. 

•E. Laurent, De r experimentation en horticulture, 1902, p. 12. 
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Borradaille, working with decapods, came to the con- 
clusion that great difficulty stands in the way of the ex- 
planation of specific diflFerentiation by means of ordinary 
natural selection.^ Mr. R. Lauterborn was so kind as 
to draw my attention to the appearance of the yellow 
Atropa Belladonna lutca, and to the evidence given on 
this variety by Dr. Schuz.^ Dr. Raatz was also kind 
enough to send me some seeds of a most remarkable 
shiny brown variety of the sugar-beet which suddenly 
arose in the cultures of Klein-Wanzleben, and from which 
I obtained fine instances of the new character in my 
garden. 

I have only given a selection from the long list at 
my disposal. My object was simply to show that the 
doctrine of mutation already finds adherents everywhere 
and is supported by a broad foundation of facts. This 
justifies the expectation that the difficulties which still 
stand in its way will ultimately be overcome. 

§ ; THE EXPLANATION OE A])APTATTONS. 

Kver since the Indief in the common origin of organ- 
isms has been recognized as a basis for investigation and 
si>eculation, one aspect of the problem has aroused the 
special interest l>oth of the author and of the student, viz,, 
the exi)lanation of adaptations. As a matte^of fact this 
problem lies outside the scope of the present book, which 
is only concerned with tlie empirical foundations of the 
theory of descent. Nevertheless it seems to me that it 

'L. BoRHAnAn.LE, Marine Crustaceans, The Fauna and Ge- 
ography of the Maldivc and Laccadi\c Archipelagoes, Vol T. Pt j, 
page 197. 

^ Amtl Bcricht uher die 33. V ersamml d, Naturf. und Aercfe, 
Bonn, Sept., 1854 (Bonn, 1859). p, 139* A single specimen of the 
plant had Wn fnmul a few years previously in the Black Forest. 
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may be of interest to show that the prevailing view, ac- 
cording to which Wallace's form of the theory of selec- 
tion is the only one which will account for adaptations, 
IS erroneous. 

The view that all the characters of organisms vary 
in every desired direction, and that th^ slightest deviation 
may be subjected to the struggle for existence, and can 
he accentuated to, and tinally fixed at, the necessary de- 
gree of devedopment, is certainly an exiremely convenient 
one. I willingly admit that almost anything can he 
s([uared with this theory in a very plausible way, and 
that explanations of this kind are very attractive to the 
student; hut this is not science. The contradictions ii 
such a system must be satisfactorily explained before it 
is accepted ; and if we attempt to do this, we soon come to 
the conclusion that tlic liypothesis itself is not in harmony 
with the av'ailalile evidence. 

The limits of the ai)])licahility of the theory of selec- 
tion, as aj)plied to this (juestion, are known to everybody ; 
and without doubt they are extremely wide. How much 
the theor)^ of mutation has to offer in this respect we 
do not know, because no attemjit to estimate this has as 
yet been made, but everything points to the conclusion 
that this theory will explain adajitations just as com- 
pletely, or rather just as incompletely, as the present 
view. It will, however, always have the special feature 
of emphasizing the hypothetical parts of the argument, 
rather than of dismissing them inh) the background. 

At the present time the theory of selection has still 
the larger number of adherents ; but amongst the younger 
inve.stigators a train of thought is developing which, as 
we have seen above, ascril)es a greater importance to 
discontinuous changes. For them fluctuating variability 
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consists merely in an oscillation around a given point of 
equilibrium ; whilst the formation of new species necessi- 
tates the attainment of a new equilibrium. Especially in 
America has this view made great progress, as has been 
described by Conn in an admirable exposition in his new 
work on evolution.^ 

Of the numerous writings which we owe to Wal- 
lace’s school, I shall only mention here that on Natural 
Selection and Tropical Nature, of this author (1895), 
and Plate’s critical exposition of Wallace’s theory.- 
Although Plate, at the conclusion of his clear and per- 
ceptive critique of the questions which pertain to this 
point, declares in favor of the theory of selection, his 
work, of all those of which I have made use, gives me the 
impression of the greatest objectivity; and I am con- 
vinced that the gulf between his views and those I hold 
will surely be bridged over some day. Therefore I refer 
the reader to his book for a closer study of these ques- 
tions, and shall confine myself here to a few points which 
stand in the closest relation to those discussed above. 

1. The significance of fluctuating variability is very 
limited, whereas the exjdanation of adaptations demands 
almost unlimited variability. In earlier days when the 
law of Qitetelet was only known to apply to anthro- 
pology, almost all the changes of plants and animals 
were considered to be the consequences of orc^iary varia- 
bility, but now this is shown lo be governed bylaws which 
largely curtail its importance. In the first part of the 
first volume this theme has lieen discussed in detail, and 
I may here simply refer the reader to those chapters. 

’ H. W. Conn, The Method of Evolution, New York, 1900, p. 132. 

*L Plate. Veher Brdeutung and Tragweite des DarwitCschen 
Selectionsprincips, Leipsic, 1900 A very complete bibliographical 
list will be found on pp, 145- 153 of this book. 
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A strong argument for iny view was put forward by 
Rosa and Catianeo.^ According tc' these authors the 
extinction of large groups of sj^ecies proves that the 
variability lesident in them was powerless to adapt them 
to the changing conditions of litc; and from this con- 
clusion they infer that the .ordinary variability* as it is 
aki^ays manifested, is not sufficient for this purpose. Ob- 
viously some other process is ne^'essary. 

II. Fluctuating variability is linear ; it oscillates only 
in a plus and a.ininus direction* whilst adaptations demand 
a variability which will produce variations in all direc- 
tions.^ Oil this point also 1 have expressed my opinion 
in the first volume (p. 118). It constitutes, in my opin 
ion, one of the strongest objections to the prevailing 
view ; and it also shows more clearly than anything else 
liow far Darwin’s adherents have departed from the 
views actually expressed by him. To Darwin’s mind 
the essential point was that the struggle for existence 
should have to select from material sui)plied by an in- 
determinate variability. Natural selection is a sieve. It 
creates nothing, as is so often assumed; it only sifts. 
It retains only what variability ])uts into the sieve. 
Whence the material comes that is put into it, should he 
kept separate from the theory of its selection. How the 
struggle for existence sifts is one question; how that 
which is sifted arose is another. In both respects, Dar- 
win’s original view is still the l^est, Imt the point at issue 
has been often obscured by iater writers. I'he meshes 
of the sieve are not such as to separate only the very l)est : 
on the contrary natural selection only throws out some 
part of the individuals, and amongst them the worst, i. e., 

’ .See below in § I2. 

*GrsTAV Wolff, /)er gegenwarttge Stand dcs Danvinismus, 1896 
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those the least adapted to the immediate external condi- 
tions. Selection is the elimination of the inferior, whilst 
the clioice of the superior individuals should be called 
‘‘election,’' and this leads to the stock-races (elite races) 
as in the selection of beets and cereals (Vol. I, pp. 99- 
118) ; or, as an admirable critic, A. Kuyper^ says, “se- 
lection aims at the maintenance of species ; election is the 
clioice of persons.”^ The doctrine of the direct influence 
of the environment on organisms, as entertained by La- 
marck, is that against which Darwin directed his liy- 
pothesis of indeterminate variability as being more in 
harmony with the demands of pure science. This old 
doctrine is repeatedly met with in modern times, ^ and this 
shows at least, in my opinion, that the prevailing fomi 
of the theory of selection does not find favor in those 
c|uarters.'^ 

Thus tlie sieve of natural selection perpetually elim- 
inates numerous individuals of inferior value; but how 
the differences Iietween the individuals arise is another 
ciuestion. Linear variability provides diflFerences only in 
two directions, by means of which selection can either 
increase or diminish, strengthen or weaken the various 
characters. Tt cannot effect more, unless material of an- 
other kind is provided by variation. The hypothesis of 
mutation meets this demand; for it necessarily assumes 
a variability in almost all directions, as I kave shown 

’ A. Kuyper, Evolutie, Amsterdam 1899, p. ii. 

* G. Henslow, Does Natural Selection Play any Part in the Ori- 
gin of St>ecies. Nat. Sc., XI, 1897, p. 166. Warming, Lehrhuch d 
Oekologie, p. 382. Von Wettstein, Ber, d. d. hot. Ges., 1900, Vol. 
XVTIT, General versammlun|?sber. p. 184. Strasburger. Ceratophyl- 
lum submersum, Jahrb. f. wiss. Bot., Vol. XXXVII, p. 518, where a 
list of refcrence.s to papers, dealing with the direct effect of the en- 
vironment, will be found. 

*R V. Wetotein, Handhuch der systematischen Botanik, 1901, 
p. .V 
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in the first part of the first volume (p. 198), and our 
consideration of those species which are rich in subordi- 
nate fomis, as well as the results obtained with Oenothera 
Lamarckiana have justified this claim. Thus wc see that 
the current form of the theory of selection cannot supply 
the kind of variability which the theory demands, whilst 
the doctrine of mutation can supply it, as we know from 
actual observation. 

III. The first insignificant beginnings of new charac- 
ters do not come under the operation of natural selection 
since they are of no significance in the struggle for ex- 
istence. This is the best kiuwn objection against the 
prevailing form of the theory of selection. It has been 
elaborated by many authors and admirably ex])resse(l by 
Conn in his w^ork cited above, so that we need not deal 
with it further here. It ultimately leads every thoughtful 
investigator to the view that every organ must have its 
origin in a discontinuous variation.^ ^I'lie doctrine of mu- 
tation alone can overcome these difficulties although we 
must not forget that the objection is directed only against 
the present form of the theory of selection and not against 
Darwin^s owm conception of it; for if the sieve of selec- 
tion does no more than eliminate those of less fitness, and 
if its function is merely to increase the mean of those 
that remain, even the very slightest average progress 
must have a result, as Darwtn so frequently in?.isted. 

In the doctrine of mutation, however, these slow tran- 
sitions and these slight advanages have no place. Spe- 
cies-forming variability simply omits these, both in ex- 
l>eriment and in horticultural experience, so that they 
constitute no obstacle to the theory.^* 

* CoNN^ loc. cit., p. 134. 

*■ Tt IS in the explanation of instinct that the current form of the 
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IV. The theory of selection explains the existence of 
useful characters, but does not explain that of useless or 
actually harmful ones.^ Whereas the doctrine of muta- 
tion assumes that specific differentiation does not take 
place in any definite direction, that mutations are pro- 
duced independently of their adaptive value, and that they 
may survive, provided that they do not prejudice the 
existence or annul the fertility of the individual, the 
theory of selection cannot account for the origin of sterile 
forms of which, nevertheless, there are many. I have 
already mentioned instances of these in the first part of 
this volume, and will here only add a reference to a most 
remarkable sterile fonn of oats, recently described and 
figured by Noll;^ to tlie dates**^ and grapes^ without pips, 
and to the highly branched and absolutely sterile variety 
of our gardens, called Muscari comostim plumosum, 
which belongs to a species characterized by a tuft of 
sterile flowers at the tip of the normal spike (Fig. 136). 

Instead of giving a further discussion I shall content 
myself with referring to the curious case of Mhnulus 
and Torcnia. which Burck has described, and which this 

tlicory ()f selection is most evidently insufficient. Sec W.xsmann, 
Biol. CcHtralhlatl, Vol XXT, Nos 22, 23 ; also Emery, iicdaukcn zur 
Desccudcnz- und I ’ercrbungstheorie, Biol. Centralblatt, 1893, Vol. 
Xin. Nos. T3 and 14, p. 397; further W. Wagner, Vindustric dcs 
Arannna, Mem Acad. Imp. St. Petersbourg, Vllth Ser., Vol XLTT, 
No II, 1894; and N. Cholodkovsky, Die Coniferenlattsc, Hor. Soc. 
Hnt. Ross., XXXI, p. 43. ^ 

' For a list of these T refer the reader to Demoor, Massart and 
Van der Veu)E, IJh'oluiion re^rcssix'e, Paris, 1897, especially pp 
286-289 

*F. Noll, Sifzungsber. d. Nicdcrrhnn. Ges. f. Naturk., Bonn, 
March 4, 1901. 

"Ch. RmfeRE, Socictc naf. d'accUmatation, Paris, La Nature, 
TQOi, No. 1477, p. 247. The tree in question grows near Hanima in 
Algeria 

*H. MuLLER-THtTRG\t’ has given an exhaustive list of wholly 
or partially sterile varieties of grapes in Experiment Station Record^ 
XT, p. 16, 1902. 
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investigator claims to be of itself sufficient to disprove 
the doctrine of selection,^ These plants contain four 
stamens in each flower, ♦^wo large normal ones, and two 



Fig 136. Muscari con.>>sum plumosum 


small abnormal ones. The latter contain fertile p(;llen, 
but never dehisce. The pollen is therefore absolutely 

‘W. Burck, Kon. Akad. v Wei., Amsterdam, 19OT ; Allmm d. 
Natuur, 1902. See also the curlier writings of this author on facts 
which cannot be explained by the theory of selection. 
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useless, although if applied to the pistil, it is capable of 
producing an abundance of good seed. It is evident 
that this condition cannot have arisen either by gradual 
modifications or under the influence of the ordinary se- 
lection of useful characters. 

All the difficulties which we have mentioned as be- 
setting the current view, disappear if we substitute muta- 
bility for fluctuating variability, as the source of the 
origin of species ; and there is no doubt that adaptations 
can be explained by mutability just as satisfactorily as 
by fluctuating variability. 

§ 8. VEGETATIVE MUTATIONS. 

In order to conduct an experimental investigation 
into the manner in which mutations arise, it is necessary 
to know when they occur. According to the prevailing 
()j)inion this moment is as.sumed to be that of fertilization. 
Gallesio clearly expressed this view at the beginning 
of the last century, and advocated it against the belief 
in the direct influence of the environment which was 
common amongst breeders at that time.^ Some associa- 
tion of species-forming variability with fertilization is 
generally regarded as 1)eing clearly demonstrated both 
in the animal and vegetable kingdoms, and especially for 
annual plants and those which are ordinaiUy multiplied 
by seed. 

On the other hand we have the bud variations, or 
vegetative mutations as they should rather be called. They 
were well known to the older scientists, but Darwin was 
the first to insist on their importance by collecting all 

* G. Gau.esto, Traitt^ du Cftrus: Tcoria della rit'roduzwne vege- 
iabilc, Pisa. T8r6; De C vndoike. Physiologic vcgcialc, IT. p. 720. 
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the evidence bearing on them. Most ot the later writers 
have agreed witli him. Delage opposes the view that 
fertilization is the sole cause of variability, partly on 
the ground of the existence of biuhvariations, partly 
because nothing new is pio<ln':ed in fertilization, in which 
nothing more occurs than a recombination of hcr^ablc 
characters already present.^ Sav\stano gives man) re.i- 
sons, derived chiefiy from the study of woody plants, in 
support of the view’ that varieties usually arise from seeds 
and more rarely from buds.- Bailey, on the other hand, 
lays greater stress on bud-variations. According to him 
bi-sexual reproduction is not a coTidition of variability, 
since many new’ varieties have arisen b) vegetative means, 
such as several sorts of pine-apples, bananas, strawberries, 
apples, weeping willows, etc.^ 

Kassowitz goes furthest in this direction when he 
says:^ ^‘Even if there had never been any sexual repro- 
duction, our earth would be peopled by beings differing 
w'idely from one another in their characters and in their 
functions; and there is no ground for the assumption that 
the differences between the most wddelv separated forms 
w’ould have been an}^ less without tliis (i. e., sexual re- 
production) than it actually is.” 

The conclusion from this all too brief historical sur- 
N’ey is that the importance of vegetative mutations is 
gradually obtaining wider recognition, whilst the attempt 
to associate species-forming variability wdth fertilization 
is coming to be regarded with b jS and less fa\T>r. 

* y Delage, L'licrcdite, 1895, p. 283. 

*L. Savastano, La Varietd in arboricultura , Annali d R. Scitola 
Sup. d’Agricoltura in Portici. 1899, b 2, p 63 and el^ewl^c^c. 

’L. H. Bailey, The Plant Individual in the Li^ht of Evolution, 
Science, 1897. 

* Max. Kassowitz, Allgcmcine Biologic, II, 1899, p. 247. 
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Before we proceed to a consideration of the facts 
let us first examine the question itself more closely. We 
may ask in which periods in the life of a plant the con- 
ditions for the appearance of mutation may be different. 
The life of a plant may be divided into the vegetative and 
the reproductive period, and there are therefore four 
possibilities to be taken into consideration. First we 
have the two periods themselves, then the two transi- 
tions from the one to the other, viz., the origin of the 
germ cells (the moment of the so-called numerical re- 
duction of the chromosomes of the nucleus) and the 
fertilization, which latter is the beginning of the vege- 
tative life. Confining ourselves first to general considera- 
tions, the processes involved in the origin of the sexual 
cells are obviously of a much more complicated nature 
than those involved in fertilization. On the other hand 
the sexual cells are usually regarded as more susceptible 
than the vegetative organs. For these reasons therefore, 
we might be inclined to assume for the moment of muta- 
tion not that of fertilization but some previous point of 
time. How much earlier, then l^ecomes a further ques- 
tion. 

In bi-sexual or Mendelian crosses segregation occurs 
during the maturation of the egg- and pollen-cells, and 
it is complete when these elements are being formed. 
For the egg- and pollen-cells of the monoj|ybrids are no 
more of a hybrid nature, but entirely assume the one or 
the other of the two parental types. The same thing 
must hapen in mutation, for all the evidence seems to 
indicate that the egg- and pollen-cells have already mu- 
tated before they unite in fertilization. 

Of course, as a rule the mutation will not find external 
expression until the germ develops, and thus the new 
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character is only disolayed after fertilization; but that 
the process should be its result, by no means follows from 
this. The moment of app earance evidently tells us noth- 
in>^ about the preparation which may have preceded it. 
This may have occurred du ing^ the sexual life, or may 
even have extended back into the vegetative stage. 

The phenomena of sectorial variation, which are Ix^st 
known amongst striped flowers and variegated leaves 
(see page 114), but which have also been observed else- 
where, and especially in the sectorial segregation of hy- 
brids support the latter view. I refer to the instance de- 
scribed above (page 276), of a variegated bud-variation 
in an oak. A variegated twig occurred on a bush whose 
leaves were otherwise quite green. But the point of 
insertion of the twig occurred on a variegated longitu- 
dinal stripe on the branch which produced it. The change 
therefore had not taken place in the actual origin of the 
bud, but long before. The term bud-variation is there- 
fore, in such cases, not strictly applicable. 

VVe can apply this instance to the appearance of mu- 
tations in general and say that the moment of the actual 
appearance of the character is ]>receded by a shorter or 
a longer period in which the change, although complete, 
was still in a latent condition. If, for instance, we are 
dealing with a transformation in flowers, a sectorial and 
a bud-mutation could occur without becoming externally 
visible. In the first part of this volume (page 123) I 
drew attention to the stamens with red stripes in striped 
flowers and dealt with the question whether the pollen 
grains themselves might not differ with regard to this 
mark, some of them possessing this character and others 
not. Obviously this question may be applied just as well 
to those characters which can not be seen in the stamens. 
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I shall not pursue this train of thought further ; but 
this much seems to be clear, that germinal variations may 
,be the results of changes which have already taken place 



Fig- 137- Green Dahlia. A branch whose terminal inflores- 
cence b as well as the lateral one b' have become green, 
as m the remaining parts of the plant, whilst a branch 
has arisen at a from an axillary bud, bearing double red 
inflorescences of normal structure and without a trace of 
virescence. a\ flowering and o", a bud. See above, p. 
92, Fig. 14 (1902). See also pp. 628-629. 


in the pollen- and egg-cells ; and that these changes them- 
selves may have had their origin before the development 
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of the sexual cells, and perhaps even before the origin 
of the flower itself. Ii. other words : 

Germinal variations may be regarded as a special case 
0 ]i vegetative mutations; and this possibility always re- 
mains open where the conf iry cannot be proved. 

Concluding these discussions I propose now to adduce 
a series of facts in which mutations have occurred vegc- 
tatively, that is i(» say» such facts ns have hitherto been 
dealt with as bud-variations. It will be necessary to 



Fig. 138. Cryptometia japonica spiral! ter falcata, with an 
atavistic bianch (sec page 628). 


consider three groups of phenomena separately: first, 
vegetative segregation in hybrids; secondly, vegetative 
atavism in eversporting varieties, especially as exhibited 
by striped flowers (Part I, Plate I), and thirdly, the 
true vegetative mutations which are usually of an atavis- 
tic nature (Figs. 137, 138), but sometimes may hapi)en to 
be of a progressive kind. 

Vegetative segregations in hybrids are rare phenom- 
ena; but this may perhaps be due to the fact that in many 
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instances of bud-variations the possibility of the plant 
hi question being a hybrid has not been considered A 
single case has fallen within iny own experience; this is 
a hybrid between Veronica longifolia and its variety V, 

1. alba. The flowers of this hybrid are blue, and it may 
easily be kept in cultivation for many years by means of 
vegetative propagation. Ever since 1889, when I ob- 
tainecl the first specimen, I have had many thousands of 
stems in flower, ar^ongst which I observed several cases 
of sectorial and of bud-variation, the last of them in the 
summer of 1902. The bud-variation sometimes occurred 
in the rhizome (1902) ; the whole shoot above the earth 
lacked the red pigment, both in its bark and its flowers, 
and so was easily recognizable l^efore it bloomed. All the 
flowers were white, whilst those of the remaining shoots 
from the same rhizome were blue. Occasionally I found 
a raceme witli white flowers arising as a lateral brancli 
from a stem on which the rest of the flowers were Idue 
(1894). The sectorial segregation is manifested in this 
hybrid in such a way that one side of the raceme had blue 
flowers, wliilst those on the other were white. ^ The 
breadth of the longitudinal strip bearing white flowers 
is subject to variation ; it may be either a half of the whole 
raceme (as in 1891), or a quarter (1898), or even less 
(1894, 1895). The seeds of flowers which have thus 
l)ecome white by vegetative mutation pijjduce white- 
flowered offspring, so far as I am able to judge from 
some preliminary exj^eriments. 

As is well known, Naudin has crossed Datura Stra- 
monium with D. lacT^s, and found amongst many hybrids 
with exclusively thorny fntits, three individuals which 
gave instances of vegetative segregation. These belonged 

* Ber, d. d. hot. Gcs„ igoo, XVTIT. p. 86. 



Vegetative Mutations, 


621 


to the first generatioii and lx>re numerous fruits, the sur- 
face of which was partly thorny and partly smooth as 
in D, laevis. Sometimes ( ne-half was smooth, but usually 
oiily a quarter or a smaller part. The valves without 
thorns had also reverted to the character of D, laevis in 
the fact that "^hey were shorter than the thorned ones, 
and so did not fit into them properly. Fertilization Lad 
been left to insects, so that the results obtained by sowing 
the seeds would have been of no value. Such vegetative 
segregations appear, however, to be very rare in Datura. 
Other investigators do not seem to have obtained them; 
and I have mj/self frequently made extensive cultures of 
this hybrid in the hope of obtaining some, but as yet 
without success. 

The records of instances ot hybrid segregation are 
scattered through the literature of this subject, so that 
it may be worth while to give the following selection. 
Sageret obtained a hybrid between Brassica and Ra- 
phanus with two types of pods.^ Dounet-Adanson ob- 
served on an intermediate hybrid between Abies Pinsapo 
X pectinata a branch with the characters of A, Pinsapo.^ 

Focke mentions a case of the cross Anagallis phoc- 
nicea X coerulea which had red flowers but exhibited 
half a petal with the blue color of the latter species. 
Vegetative segregations in the fruits of Citrus hybrids 
have frequently been described.'* Flowers of different 
colors have been found occurring together on the same 

' Sageret, Ann. Sc. Nat., 1826. 

* Bull. Soc. hot. Fr., 1899; Abbado, Vihridismo, loc. cit., p. 26. 

*W O. Focke, Nat. Vcr. Bremen, 1887, p. 422. See also Gart- 
ner, Die Bastarderscugung, p. 309, and Focke, PHansenmischlingc , 
P. 450. 

* Verlot, La variability, p. 14 ; Keener, PAansenleben, IT, pp. 559- 
560, etc. 
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stock in hybrids of Helianthemum.^ Hybrid peas may 
be partly green and partly yellow- and similar segrega- 
tions have been found by Correns and Webber on grains 
"of hybrid maize. 

But the best known instance of a vegetative segrega- 
tion is furnished l)y Cytisiis Adami (C. Laburnum X 
purpureus), which any one can observe in his garden 
or in parks. The liybrid is absolutely sterile, and all 
the specimens of it are grown from cuttings from one 
single individual. Whether tlie extraordinary tendency 
to segregate is peculiar to this hybrid as such, or to this 
particular individual, we cannot* know.^ The fact is, 
that this hy]>rid is intermediate between its two parents 
and besides this produces from time to time buds, of 
which some become strong branches of C. Laburnum 
with its large leaves and long racemes (Fig. 139 L), 
whilst from others the delicate, slender and bushy 
branches of C. purpnreus arise, bearing their fruits and 
flowers either singly or in small groups (Fig. HOP). 

The current view is that C. Adami is a graft hybrid."^ 
There is, however, neither an historical nor a physiolog- 
ical justification for this view.’"* The original raiser of 
the plant, the Parisian gardener Adam, seems himself 
to have thought that this form which he put on the 

* Focke, Die Ptlansenmischlinge, p. 473 , where further instances 
will he found. See also Braun, y erjunguttg^ p. 336 |^arwin, Ani- 
mats and Plants Under Domestication, etc. Similar facts are afforded 
hv Hierarium. 0 .ralis, Chamoedorea etc : sec F. HiLnEURANi), fen, 
:tcUschrifi, V0I XXITI, 1880, Plate XXV 

*F. Weldon, Biometrika, T. 2, 1902. 

* Sec the remarks relating to Datura on the foregoing pages. 

* InfraceUuhrc Pangcncsis (Oer. ed p 206 

*T have given an historical account of Cytisus Adami, in Dutch, 
in the Album dcr Naiuur, 1894, Part 7. under the title Adam*s Gouden 
Regen The original source of the hi<itorical data i»5 found in Annales 
dc la Soci^e horticolc de Paris, Vol Vll, 1830 
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market only as a variety of C. purpureas, had arisen as 
a result of the graftin,^ of C. purpureas on C. Laburnum ; 
but his contemporaries did not agree with this, and Ca- 
MUZET maintains that he has seen the tree from which 



Adam liad taken his buds for the purpose of making 
tlie grafts, and that this tree possessed all the cliaracters 
of Cytisus Adami. The hyi)othesis that this form is a 
graft hybrid, originated with Caspary (1865). No case 
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of an undoubted graft hybrid has, however, as yet been 
produced experimentally and, consequently, the charac- 



Fig. 140. Cytisus Adami. A, A', bearing at I a bunch of 
twigs of C. purpureus: P, H, and I. 

ters which such hybrids would have if they existed are 
not known and can even hardly be guessed at. Therefore 
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no conclusion concerning this question can be drawn 
from the characters cf C. Adami. 

The view that it is an ordinary hybrid which was 
afterwards grafted on C. Laburnum seems to he much 
more probable.^ 

In other data relating to graft hybrids this view has 
long been proved to be incorrect, as in Lindemui h s ex- 



Fig. 141. Ulmus campestris variegata with atavism by 
bud variation. A branch with larger green leaves has 
arisen at A. 

I>eriments with potatoes; or the grafts may ha\e l^een 
made on hybrid stems, as L/vurent susi>ects to be the 
case in the Neflier do Bronvanxf or again, a graft of 

‘The same view is adopted by E. Laurent, De ^experimentation 
cn horticulture, Brussels, 1902, p. 16. The literature dealing with 
Cytisus Adami has been given so often that 1 need not go into further 
detail here. 

*See the papers on this supposed hybrid between Mespilus and 
Crataegus in Le Jardin and Journ. Roy. Hort. Soc., igoo, Vol 24, 



626 Validity of the Doctrine of Mutation. 


a hybrid may have I^een made on a normal plant, as 
WiLLE has told me he suspects to be the case in the sup- 
jx)sed graft hyl^rid consisting of a pear worked on a 
white thorn stock. ^ 

The reader who is interested in the direct influence 
of the stock on the grafted bud is referred to the recent 
exhaustive studies by L. Daniel.- 

By pruning Cytisus Adami, Beyerinck obtained very 
important results on the vegetatii^e segregation of hy- 
brids. He found that buds which, as a rule, are resting, 
1)ut which can be made to develop by cutting off the 
higher branches, tend to produce the characters of C. 
Laburnum or of C. purpureus. so that we have it in our 
power to multiply the numlier of such segregations at 
will. More than one hundred instances were obtained 
by him on some few trees. Sectorial segregations of 
buds also occurred, sometimes transforming a longitu- 
dinal half of a shoot into C. Laburnum, whilst the other 
half remained C. AdamiS* It is to be expected that the 
application of this principle to other cases will lead to the 
discovery of important facts. 

Of the numerous instances of Inid-variations de- 
scrilied in the literature of this subject, many are, with- 

p 237. Aho Laurent, he. cit, p. t6. For a general review of graft 
liybrids see Fruwirth, Zuchtung landwirthschaftlicl^r KuUnrpHan- 
zen, p. 72 ff. ^ 

’N. WiLLE, Mittheilungen d. hiolog. Gcscllschaft in Christiania, 
Biol. Centralblatt, 1896, Vol. XVI, No, 3, p. 126. Perhaps this may 
ht Pyrus auricularis (P. communis X Sorbus Aria) or a related hy- 
brid. Sec Dippel, Handbuch der Laubholzkundc , III, p. 359. 

*Lucien Daniel, La variation dans la greffe et fhheditS dcs 
caraetPres acquis, Ann. sc. nat. bot., 1899, Vlllth ser., Vol. VIIT, 
pp. 1-226 and Plates I-X, and the subsequent publications of the 
same author. 

• M. W. Beyerinck, Kon. Akad. v. Wetensch., Amsterdam, Nov. 
igoo. 
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3ut doubt, cases of such hybrid segregation, and therefore 
have no immediate bearing on the question of vegetative 
mutations. The same ’s true of the bud-variations of 
eversporting varieties (see Plate I, Antirrhinum) which 



Fig. 142. Rhus typhina. A leaf of an otherwise green bush 
which was almost yellow from a to b; these leaflets have 
grown much smaller (on one side at a), Doom (1886) ; 
collected by Mrs. Weber. 


have already been dealt with at sufficient length. More- 
over the graded differences between the various branches 
of a plant belonging to an eversporting variety are not 
instances of mutations, and, as a rule, do not affect the 
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hereditary properties of the seeds which they produce; 
as, for instance, in Chelidonium majus flore pleno (p. 
336). 

In the majority of cases a more detailed examina- 
tion is urgently needed, before the true nature of even 
the commonest bud-variations can be properly under- 
stood. This is particularly the case in variegated plants, 
amongst which every one is familiar with the phenom- 
enon, on shrubs and trees at any rate; but even here the 
process has not yet been exhaustively studied. On the 
one hand, some of these cases consist of bud-atavism, 
whole branches of a variegated variety reverting to the 
normal type of the species in their color as well as in 
their secondary characters (Fig. 141).^ On the other 
hand, sometimes halves of leaves become green, or occa- 
sional branches with usually slightly, but sometimes 
finely, variegated leaves arise on green individuals (Figs. 
1 42 and 143). On a large tree of Morns nigra in our gar- 
den the latter phenomenon occurs almost every year. 

It is not until all these and similar cases have been 
excluded that bud-variations may be regarded as true 
cases of vegetative mutations. Even then we should 
require the proof that the deviating branches will re- 
produce their type from their seeds, after pure self-fer- 
tilization. In many cases, however, this is not possible 
because the bud-variations in question often bear no 
seeds, even when they occur regularly, as in Cephalo- 
faxus pedunculafo fastigiafa (p. 109, Fig. 16) and in 
numerous other conifers, the bud-variations of which 
have been described by Betssner; as, for instance, in 
Cryptomeria japonka spiraliter falcata (Fig. 138, p. 619). 
Even from the green Dahlia I was, unfortunately, unable 

* See atK)vc p. itt and pp, 272-277. 
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to obtain any seed (Fig. 137, p. 618), because it flow- 
ered too late in the year. I have cultivated this plant, 
which was described and figured in the first section of 
tliis volume (p. 92), for many years by vegetative meth- 
ods, because it is f)erfectlv sterile. In the summer of 
1902, however, it suddenly began to produce bud varia- 



Fig. 143. Carpinus Betulus. At o, a partly variegated leaf 
on a tree which had otherwise only green leaves, Hilver- 
sum (1887). 

tions, distributed in considerable numbers over the various 
main stems; they were appar.^ntly independent of one 
another, but seemed to arise in response to the same un- 
known external influences. The flowerheads of the ata- 
vistic branches were of the normal structure of the ordi- 
nary Dahlias, double, and with carmine red florets, at the 
tip of each of which was a white spot. From this wc 
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may conclude that this green Dahlia had arisen from the 
corresponding double-flowered variety. 

I do not propose to adduce any further instances; 
those which I have given show that varietal characters 
may disappear in a vegetative way, the original char- 
acters becoming active again. For such a mutation 
neither the formation of sexual cells nor fertilization 
is necessary. Therefore the possibility that seed-varia- 
tions may ultimately be derived from bud-variations can- 
not be denied ; but many more experimental data will have 
to be collected before a final judgment based on a suffi- 
cient foundation of facts can be given. One of the best 
methods is that which T have already mentioned, as 
ado])ted by Bkykrinck, of artificially inducing bud-varia- 
tions by pruning. 



III. THE :\iAl'RRIAL VEHICLES OE THE 
HEREDITARY CH A RACTERS. 

§ 9. DARWIN’S PANGKNESIS. 

The real meaning of the title of Darwin’s lK>ok% 
On the Origin of Species by x)Jeatis of Natural Seleciion, 
has often l^en largely misappr^liended. In Darwin s 
mind the emphasis lay on the word “natural/' He pleaded 
a natural origin of species against the accepted super- 
natural one. Idle whole object of his york was to show 
that the genetic relationships of animals aiul plants may 
be explained without invoking sui)ernatural causes, and 
that their explanation by natural means is far more sntis- 
factory and simple. For this convictk)n he succeeded 
in obtaining general credence, and thus laid a broad foun- 
dation for all future investigation in this sphere. 

I'he modern tendency, however, is to shift the em- 
])hasis on the word selection and on the analogy between 
selection in nature and the artificial production of races 
in agriculture. In doing so it is often overlooked that 
half a century ago the science of the various forms of 
variability, and conse(|ucntly of selection, was still in its 
infancy, and that we must not apply our present knowl- 
edge to the state of opinions which prevailed then. No 
distinction was drawn at that time, for instance, lietween 
mutability and variability; and it was Darwin wlv) first 
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attempted in various cases to distinguish between these 
two types of variation. 

• Even now this contrast does not yet find so clear an 
expression in the available facts as to insure its immediate 
recognition. In Darwin's time many more obstacles 
stood in its way, and it is probable that its real signifi- 
cation did not become manifest to him until after he 
attempted to deal with the phenomena of heredity in a 
theoretical way.^ 

As is well known, this attempt was made in his pre- 
liminary hypothesis of ‘‘pangenesis'%' it is also known 
that he attempted to adapt his idea to other theories, 
prevalent at the time, by a series of subsidiary hypoth- 
eses which have now become superfluous; and that by 
doing so he did more harm than good to his theory. 
For, in combating these secondary hypotheses, most of 
his critics have overlooked the real value and significance 
of the main thesis. 

In my book on Intracclhilar Pangencsis I have at- 
tempted to show how the im])ortance of Darwin's hy- 
pothesis can only be really api)reciated if it is freed of 
these superfluous adjuncts.- In this essay I have also 
endeavored to prove that the germ of the theory reap- 
pears, in a more or less similar form, in the hypotheses 
of his successors; and that in these too, it is usually 
confused by useless or even erroneous supp^itions. My 
object was to extract this essence and to bring it into as 
close relation with the available knowledge as was pos- 
sible without the aid of too many auxiliary hypotheses. 

It is not now my intention to give a review of the 

’ Sec Different Kinds of Variability in Darwin and Modern Sci- 
ence, pp. 66-74, 1909. 

* Intracellular Pangenesis, translated into English by Prof. C 
Stuart Gager, 1910. 
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enormous amount of literature which has since accumu- 
lated on this subject,^ and with regard to the older the- 
ories, such as those of Spencer, Nageli and Hertwig. 
I need do no more than ref^r to my essay already quoted. 
i\Iy only task is to show rhai the evidence, brought for- 
ward in this book for the theory of mutation, alfords 
a strong super! t ^r the principle of pangenesis. All that 
iS necessar}' to bring the results of observation into line 
with the doctrine of Pangenesis, is to siibstiiuto the idea 
of internal factors or material vehicles of hercditaiy 
characters for the empirical units of the visible qual- 
ities.^ This view has been best worked out by Johan n- 
SKN in the section on the doctrine of pangenesis in his 
textbook of botany which has lecently appeared; and 
this fact enables me to deal briedy with the topic.** • I 
propose to confine myself to a brief exposition of Dak- 
win\s concepti<ai of pangenesis and to the modification 
of it which I suggested, without ret)cating all the obser- 
vations on the subject which I have recorded in this book. 
I shall deal first with the essence of the hyi>othesis and 
then with the secondary hypotheses ; and shall defer a dis- 
cussion of the essence of the theory until later. 

There are two essentially different views relating to 
the material vehicles of the hereditary characters of or- 
ganisms. One view is that of Spencer, according to 

*Fii11 lists of references are given in a large number of works 
of which tilt* following are among the bestj C. Keller, Vcrprhunf>s- 
lehre und Thierzucht , 1895 ; H. Marli^-kE, Etudes sur Vh^rddiU, 1895 ; 
E. B, Wilson, The Cell in Development and Inheritance, 1900; Fru- 
wiRTH, Die ZUchtung der landwirthschaftlichen CulturpAanzen, 1901, 
etc. 

* Ber. d. d. hot Ges., 1900, XVITT, p. 83, and Sur les unites des 
caraetdres spcciHques, Revue generale dc bolanique, 1900, XII, p. 257. 

•E. Warming and W. Johannsen, Den almindcUge Botanik, 4th 
ed., igor, pp. 675 ff. It is quite satisfactory to state here that several 
critics of the first volume of my book have anticipated this conception 
of the relation of the doctrine of mutation to pangenesis. 
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whom the character of every species constitutes an in- 
separable whole and every material vehicle, therefore, 
represents the sum of all its qualities. The adherents^ 
to this view are still in the majority. It is the very 
opposite of Darwin's view, according to which the indi- 
vidual cells of the organism and the individual compo- 
nent elements within the cells each have their special 
representatives in the hereditary substance. Thus the 
material basis of inheritance is composed of as many 
different units as there are separate organs and types 
of cells. 

« 

Nageli has introduced the word idioplasma for this 
material basis; and for many reasons tliis term should 
be universally employed, especially since it can he used 
in speaking of the two opposite theories. To Nageli 
the idioplasm was a unit, but we may, as well, apply this 
term to the sum total of Darwin’s units. 

The independent behavior of the individual hereditary 
characters both in the process of mutation and in hybridi- 
zation, definitely proves, in my opinion, the correctness of 
Darwin's assumption of separate material bases for 
each one of them : and the whole contrast between muta- 
bility and fluctuating variability can only be brought into 
harmony with the theory in the light of this jirinciple.^ 

Darwin's pangenesis may be summarized in the two 
following theses. 2 

The individual cells and organs of the whole organ- 
ism are represented in every germ cell and every bud by 

'The correctness of this view receives stronjor support from the 
fact that those of my critics who are partisans of Wat.l.^ce's form 
of the theory of selection, simply deny the distinction between muta- 
bility and fluctuating varialnlity Sec alx>vc, p. 599. 

* Darwin. Animals and Plants under Domestication. Vol TT, 
Chapter on Pangenesis; and my Intracellular Pangenesis (Engl, ed.), 
pp. 5 and 60 
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definite material particles. These multipl) by division 
and at cell division pas.: on from the mother cell to the 
daughter cells (doctrine of pangenesis). 

Moreover all the cells of the body throw off these 
particles at various i^eruids of their development. Tliese 
reach the germ cell? and liand ovei to them any char- 
acters of the organism which they may lack (hypothesis 
of transportation). 

The multiplication of the material vehicles of heredity 
and their handing down, in the course of developm<iU. 
by the successive cellular and nuclear divisions, can lie 
most clearly seen in th<jse cases in which certain vicarious 
characters remain united during tlie greater part of the 
development, and do not lieco i.c separated until the cell 
divisions have nearly come to an end. These units are 
then seen to be distributed after llie manner of a mosaic. 
Macfarlane was tlie first to draw attention to this sig- 
nificance of the phenomenon as seen in hybrids; and be 
has .shown, especially in Gctini intermedimn, how the 
influences of both parents can remain comliined in the 
individual cells, or can be recognized as separating out 
in these. Variegated leaves often siiow these late sejia- 
rations very clearlyd often in large areas of the most 
widely different forms and shapes (Figs. 144 and 145), 
or in small groups (Fig 146).^ But our knowledge 
of a relation lx tween these mosaic figures and develop- 
ment is not yet sufficiently complete to enable us to form 
a picture of these segregations of compound characters 
on the basis of the pedigrees^ of the cells.'* 

'A. J. J. VAN DER Velde. Anatomic en physiologic dcr hontc 
hiadett. Handelingen, V. Vlaamsch Nat cn Gen. Congres, Bruges, 
Sept. igoi. 

® Macfarlane, On the Minute Structure, passim. 

'‘See Intracellular Pan genesis fEngl. ed >, p. 

^Interesting particulars liave been brought to light by the receiit 
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The second part of Darwin’s Pangenesis is met by 
insuperable difficulties, and has long since been regarded 
as superfluous. Darwin himself admitted that it had 
only a very limited application to plants and corals, to 



Fig. 144. Ulmus campestris varie- Fig. 145. Beta vulgaris saccha- 

gatus. The variegated regions rifera. A clgnce variegated 
are developed in widely differ- leaf. The ySlow and green 

ent extents on the different tissues are superimposed upon 

leaves. one another in such a way 

that the limits of the indi- 
vidual layers do not corre- 
spond. 

investigations of Bonnier and Flot. See G. Bonnier, Formation 
des ^Uments du cilindre central, Comptes rendus, Vol. CXXXI, p. 
781 (Nov. 12, 1900), and Sur la differ enciation des tissus vascu- 
hires, loc. cit., p. 1276 (Dec. iQOo) ; and LtoK Plot, Sur Vorigine 
commune des tissus dans la fettiUe et dans la lige, loc, cit (Dec. 1900). 
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worker bees and similar cases. If we let it drop, the 
first thesis stands out in a much purer light. 



Fig .146. Quercus scssiUHora aJhovariegata. A commercial 
variety. Green patches arc scattered irregularly over a 
yellowish-white back-ground. 


In this direction, Galton and Brooks have done 
great service to the theory of pangenesis. Both strongly 
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support the main thesis, and attach little importance to 
the transportation hypothesis. 

Galton supposes that the various cells of the body 
are originally represented by special material vehicles. 
These vehicles combine to constitute the stirp which is 
practically the same as the idioplasma.^ Many more ve- 
hicles must, however, be present in the germ than there 
are actual types of cells. The remaining latent particles 
play a still more important part in Galton 's theory than 
tliey do in Darwin’s, both in the explanation of onto- 
genetic development and of atavism. The germ sub- 
stance is lianded down unchanged in the cell divisions 
as well as in the multiplication of the individuals. It 
is only under certain circumstances that changes appear 
in it; an assum])tion, which is obviously necessary for 
the explanation of the transfomiation of species. 

In an extraordinarily clearly written book on hered- 
ity W. K. Brooks has also suggested a modification of 
the theory of pangenesis.- He does not reject the whole 
transportation hypothesis, but confines it to the trans- 
portation of a few particles in special cases, especially 
when the organism undergoes any change, whether from 
external or internal causes. A change in the environment 
of a cell induces it to throw off particles, and therefore 
lo transmit to the offspring of the plant a tendency to 
deviate in the corresponding parts of the llody in the 
same way fp. 83). The male germ cells are particularly 
adapted to the purpose of collecting these particles and 
transmitting them to the female germ cells. If a change 
has once become heritable through the medium of trans- 

’ Francis G.\lton, >f Theory of Heredity, 1875. 

*Ay. K Brooks. The Lmv of Heredity, a Sfudv of the Cause of 
Variaiioh and the Origin of Lh*ing Organisms, 1883. See e<;pecially 
pp 80-100. 3 TO, 327. etc. 
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ported particle*?, there is no further need for their partici- 
pation, and the} will simply he eliminated by natural se- 
lection. 

Brooks maintains that it is not necessary to assume 
s|)ecial material vehicles f*' r the hereditary characters of 
every leaf oi )1 e\ ery flower oi of every cell of tli':^ body. 
We must *?imply assume tliat ail similar organs or ».ells 
are* represented Iw the same unit. The otherwise highly 
complex conception of the structure of the idioplasm is 
tlnis considerably simplifie<l. 

The work of Galton and Brooks has contributed 
largely to freeing the theory of pangencsis of much use- 
less ballast, and therefore to exhibiting its ess<Mice in a 
much purer light: but in regard to one important point 
tliey still adhere too closely to I)arwin\s old conception 
of the theor}' 1'his t)oint is the question whether the 
organs and the cells themselves are the units which we 
must think of as being represented in the idioplasm. 

§ 10. INTRACELLULAR PANGENESIS. 

In contrast to the opinion of the authorities cited in 
the previous section, I assume that tlie units are not the 
morphological elements, such as the parts of the body 
and tissues, nor the cells and their visible organs. On the 
contrary I assume them to Ixj the internal elementary 
characters which determine the external features of the 
organism, and which must coo]>erate to build morpholog- 
ical elements (Fig. 147). 

In his books, Darwin is not always quite clear con- 
cerning what he means by a single heritable character. 
Often he speaks of his particles as representatives of 
cells; at other times other morphological elements or 
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groups are regarded as units. Nevertheless, in some 
places, he has definitely expressed the view that every 
character which can vary independently of others must 
be represented by a discrete material vehicle.^ 

This principle has been largely supported by recent 
investigations. Morphological elements are coming to 



Fig. 147. Ruhus fruticosus laciniatus. The deep dissection 
of the margin of the leaf, which is the character of this 
variety, is seen to be expressed both in the foluge leaves 
and in the petals. Both phenomena are ob#)usly the 
expressions of the same material vehicle of the internal 
character. 


be recognized more and more as combinations of units, 
whilst independence in variation is regarded as the real 
sign of the existence of separate elementary units. 

* Darwin, Variations, 2d ed,, 1875, II, p. 378. Intracellular Pan- 
genesis (Engl. ed.). p. 19 ff. 
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But it is (]uit<“ true that these elements are usually 
united into smaller and larger groups,^ and that these 
then behave as units; i.i such cases the individual coniix)- 
iients of the group are either manifestly associated with 
one another or are influei veJ in the same way by external 
conditions of life, in the .manner theii exi>ression. 
The inflorescences of moncrcioiis plants arc typical in- 
stances of such grouijs of ch«arac^crs; other instances are 
furnished by stolons, and in general die development of 
organs may be dependent on causes which bring wli >le 
groups of characters into activity as sucli, keeping other 
groups in the latent condition. 

With regard to the hypothesis of a transportation ( f 
the vehicles of the elementarv characters, or the pan- 
genes- as I call them. I agree with the view, expressed 
hv Galton and Brooks, that this theory should l>e con- 
sklcrably limited, and 1 think that it would even l)e best 
to drop it altogether. 

It is only within the cells that the assuini)tion of such 
a transportation is necessary and only so far as regards 
the extrusion of the f)angenes from the nuclei and their 
(listrihutioii through the proloj)lasm 

According to my view the whole ])rotoplasm consists 
of pangenes: and these alone constitute the living ele- 
ments {Intracellular Pangcncsis [Engl, ed.], p. 195). 
Following Hertwig wc assume that the hereditary char- 

^ IntracellulajT Pangcncsis (Enjy* cd.), p. 24 and elsewhere. 

*Tn German there arc almost as Tiiany names for these material 
vehicles as there arc authors who have dealt with the subject; for 
instance, Mikroplaste, Archiplastc, Biomoleciilc, Protobionten, Rio- 
blaste, Elementarorganismen (Ai.tmann), Plasome (Wiesner). 
Funktionstrager, Idioblaste (Hektwio), Chonder (Schneider), etc. 

* Where celh* are mutually united by protoplasijiic strings, the 
possibility of a transportation of pangenes from one cell to another 
seems still to he open. 
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acters are located in the nucleus, and that in cell-division 
liiey are transmitted from one cell-generation to the next. 
In the nuclei, however, most of the pangenes are inactive. 
To l^ecome active they must leave them or at least their 
framework and take up a position in the surrounding 
parts of the cell-body. A detailed consideration of the 
life phenomena of the cell has led me to the conclusion 
that it is indispensable to assume that the influence of 
the nucleus on the vital processes is a material one and 
that it will be found, on closer examination, that even the 
dynamic and enzymatic theories of this operation cannot 
make superfluous the hypothesis, that pangenes form 
the real substance of all protoplasm {loc, cit,, p. 202, 
204 ). 

I'he recent investigations by Gerassimow on cells of 
Spirogyra without nuclei or with two nuclei^ stronglv 
support this view, and from the zoo-physiological side 
Driesch and Hansemann have expressed themselves 
similarly.^ 

In the idioplasm of the nucleus the pangenes multiply 
l)y division. A part of those which have been formed re- 
mains in position and furnishes the vehicles of the hered- 
itary characters for tlie next cell division. The other 
])art, howexer, emerges from the nucleus and becomes 
active in the cytoplasm. Here they multiply so as to 
contribute considerably to the material out of which the 
several organs of the cell are built up, such as the 
chromatophores, the outer layer of the protoplasts, the 
walls of the vacuoles, etc. In this way they impose their 

'J. J. Gerassimow, Soc. Imp, Nat, Moscou, 1901, Nos. i 
and 2; Zcitschrift f. allg. Physiologic, I, 3, 1902, p. 220; see also the 
literature cited there. 

*H. Driesch, Analytische Theoric dcr organischen Etifwickelung, 
1895; t)- Hansemann in Virchows Archiv, Vol. CXIX, p. 315. 
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character on them, and this assumption furnishes an ex- 
planation of the fact tha^ the functions of the cell-organs 
ronfonii to the hereditary characters of the plants to 
which they belong. This migrat’on from the nuclei is 
repeated at intervals,^ and Juis the body of the cell 
soon comes to consist almost solely of pangenes wliich 
have recently emerged from the nucleus. 

§ Ti. THE PANGENES AS BEARERS OF THE HEREDITARY 
CHARACTERS. 

As an hypothesis, pangenesis serves a heuristic ob- 
ject; as a theory, it must seive as a basi.s from which t 
deeper insight into the nature of living substance may 
l)e obtained. I have not much to say here as to it?» 
heuristic value, since for myself pangenesis lias always 
been the starting-i)oint of my inquiries; at first only in 
a theoretical way, but afterwards also for the experi- 
mental investigations described in this book.^ 

Especially is it this hypothesis which has led me to 
search for inutaiions in the field, ’* because 1 hojHjd in this 
way to find facts which would Ih.rovv a iiku'c immediate 
light on the bearers of heiedilary characters, and thereby 
on the theory of heredity in general. 

The doctrine of pangenesis only touches the kernel 
of the general theory of heredity and leaves the details 
to special theories; but exj^rience has taught me that 

*My belief that tlie transportation of the pangcncs is largel\ 
brought about by tlie so-called streaming of the protoplasm and that 
this is a normal and general occurrence has not in the least bi‘en 
.shaken by the arguments which ha»e been urged against it. 

* Se the bibliography at the beginning of this volume. 

should like to insert here the following little coincidence 
My Intraccllulare Pangcncsis was wrilicn during thp summer holi 
days, spent near Hilversum in 1888, and the often described locality 
of Oenothera Lamarckiana was only alx)ut ten minutes walk away. 
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this kernel is a sufficient basis for experimental investi- 
gation, and that it is far more likely to lead to the dis- 
covery of new important facts than the elaborate tissue 
bf hypotheses which have grown up around it. More- 
over pangenesis is capable of much closer application than 
the opposite view that each of the units bears the whole 
of the specific characters. I confidently recommend Dar- 
win's principle to any one in search of new lines of re- 
search in this field. 

In the first place it has led to the proper distinction 
between the two main types of variability, viz., muta- 
bility and variability in the restricted sense. ‘‘Finally, 
we see,” says Darwin, “that on the hypothesis of pan- 
genesis variability depends on at least two distinct groups 
of causes.”^ The first group embraces the failure, the 
over-production and the change in position of particles 
without their being themselves transformed in the pro- 
cess. These changes can explain a great deal of fluctu- 
ating variability. Into the other group fall the changes 
in the particles themselves producing new types which 
in multiplying will develop into new characters. 

Into these categories fall three main types of varia- 
bility, since the first group is olwiously a twofold one, 
embracing in terms of my present view, on the one hand 
fluctuating variability, and on the other the regressive 
and degressive mutations. The former may be caused by 
changes in the number of the pangenes; the two latter, 
however, by the “transposition of gemmules and the re- 
development of those which have long been dormant.” 
Besides these the origin of new forms of pangenes ob- 
viously corresponds to progressive mutability.^ 

^Animals aitd Plants under Domestication, II, 2d ed., 1875, p. 390. 

*See also Intracellular Pangenesis (Engl, ed.'), pp. 73 and 214 
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Numerical chances of the pangcncs are therefore the 
basis of fluctuating variabHity, Changes in the position 
of the pangene in the nucleus lead to retrogressive and 
degressive mutatioftSj whilst to account for progressive 
mutation we must assume the formation of new types 
of pangenes. 

The facts which have been described in this work, 
ronform to this hypothesis so closely that they may be 
regarded as proofs of the trnth of the principle. It 
seems desirable to deal further with this point without, 
however, elaborating subsidiary hypotheses. 

Mendel’s discovery goes far to support the theory 
of independent bearers of hereditary characters. Their 
independence stands out more ch^arly in this case than in 
any other, with the exception of the process of mutation 
itself. In my first preliniinaiy note on this subject I 
have pointed out the great importance of his laws in their 
l:)earing on the doctrine of pangenesis; and since that 
time CoRRENS, Bateson, Citenot and many other authors 
have more or less .subscrilied to this view. C vknot, who, 
with Bateson, was tlie first to demonstrate the applica- 
bility of Mendei/s laws to the animal kingdom, calls the 
units which are concerned in these crosses **particules 
representatives^^ Whether these facti'irs themselves are 
the pangenes of the nuclear threads, or whether these 
factors are composed of groups of similar units, is a 
highly important question which, however, can only be 
decided by means of future experiments. 

For, as Bateson points out, it is still jxissible that 
the constant Mendelian hybrid races are not absolutely 
pure with regard to their individual characters; that is 

^L. CvtNOT, La lot de Mendel ef ThfreditS de la pigmentation 
ches les souris, Arch. zool. experim. ct generalc, igo2, No. 2 . 
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to say, in the formation of the germ-cells the dominant 
and the recessive characters may perhaps not separate 
fully, leaving, either always or only exceptionally, a trace 
of the dominant character in the germ-cell which has the 
recessive one, and vice versa. This trace may then be 
latent during the course of a number of generations, until 
at some later moment, and for some unknown reason, 
atavistic phenomena in such hybrid races awaken the 
memory of the original cross. Experience does not as 
yet support this view ; it wants a much larger number of 
generations before a final verdict may l)e expressed. But 
it is obvious that an atavism of this kind, if it occurred, 
wcnild suggest that the Mendelian units were of a com- 
l)()und nature. 

These Mendelian factors maintain their independence 
(luring vegetative life and fertilization. According to 
jirevious conclusions, such crosses are always concerned 
with elementary characters which occur in a different 
condition in the one parent from that in which they occur 
in the other. There are mainly four distinct conditions : 
the active and the latent, the semi-active and the semi- 
latent. Their vehicles do not only separate in the forma- 
tion of the sexual cells, but occasionally also in the vege- 
tative life of the plant, as is demonstrated by the occur- 
rence of so-called bud-variations in hybrids.^ They are 
therefore in .such cases only loosely associated and not 
blended together. 

Fluctuating variability is due to variation in the num- 
l>er of equivalent pangenes: this explains why it is only 
linear (Vol. I, p. 118) and why it is manifested in two 
directions only. It goes in the plus direction by a multi- 
plication and h** the minus direction by a diminution of 

' Sec pp 619-620. 
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their number. Higher nutrition and favoraUe condi- 
tions of life effect an increase, whereas the opposite cir- 
cumstances cause a decrease of this number. But the 
various kinds of pangenes are susceptible to these stimuli, 
on the one hand in a different degree, and on the other 
hand at different j^eriods in the li/e of the plant, for some 
characters arc higlily variable, others not at all. In the 
first volume we have pointed out the existence of sus- 
ceptible periods of variability. They teach ns how it is 
possible that the different characters of organisms may 
react in different ways to the same external conditions. 
Correlative variability, in so far as it is not due to a 
coupling of pangenes by their association in groups, finds 
its sufficient explanation in this way. 

The significance of normal fertiliziition appears in 
quite a new light when viewed from the standpoint of 
this conception. The conditions of life affect the several 
characters in a similar manner though in a different de- 
gree: but they cannot, so far as we can judge at prCvSenl, 
combine in the same individual characters, which deviate 
in opposite directions. The only practical way in which 
this can be effected is by an exchange of elements, such 
as happens in fertilization and probably especially at the 
lieginning of the formation of the sexual cells. In this 
way sexual reproduction can unite characters which vary 
in different degrees and directions, in every possible kind 
of combination ; and it is left natural selection to de- 
cide which of these combinations are the best in every 
individual case. 

The theory of mutation assumes that the pangenes, or 
groups of similar pangenes in the idioplasm, may exist 
in various conditions and jxisitions. The noVmal active 
condition is that in which they multiply at a definite pc- 
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riod in the development of the organism and, in part, 
escape into the protoplasm, there to exercise their func- 
tions. Diametrically opposite to this is the latent con- 
dition, for in it this kind of multiplication is possible 
only to a very limited extent or not at all. In other po- 
sitions two groups of dissimilar but homologous pangenes 
have a mutual effect upon one another which varies ac- 
cording as the one or the other obtains the mastery. This 
is seen in the case of the vicariating characters of the 
half races and eversporting varieties. Here the two ele- 
ments are affected by external conditions in the same way 
but in vastly different degrees, the phylogenetically older 
one being scarcely at all susceptible, while the younger 
one is highly susceptible. If the latter retires into a 
latent state, as in the case of half races, the degree of their^ 
manifestation^ that is of the migration of the material 
particles, from the nuclei into the protoplasm, is a limited 
one. If, however, they are in the semi-active condition, 
as in the case of the eversporting varieties, the result is 
the extraordinary variability which characterizes these 
races. 

The nature of the difference between uni-sexual and 
Mendelian crosses is now obvious without further dis- 
cussion. If each element finds its partner during the 
formation of the sexual cells of a hybrid, exchange takes 
place as in ordinary fertilization, and the Mendelian 
crosses become merely a special case of this. But if one 
or two or several elements do not find partners, the nor- 
mal process will obviously be disturbed, since the two 
idioplasms do not fit one another exactly. And on the 
degree of this disturbance, that is to say on the number 
of differentiating elements, depend obviously in the first 
place the fertility of the cross, that is to say the capacity 
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of the hybrid to live, and in the second place the fertility 
of the hybrid itself. If, however, they are fertile, the 
impaired characters probably simply divide in the primary 
hybrids, at the moment of sexual reproduction, in a vege- 
tative way, and this would explain the constancy cf such 
hybrid races. 

Progres«;ive inutations a’^e due to the formation 
new pangenes. Dissimilar entities arise in the idioplasm 
instead of only similar ones, and this is the process 
which vve have called pre-nuitation. The [ire-nuitatcil 
pangenes tend to be inactive at first, either because they 
do not exist in sufficient nnmlxiis or for other reasons. 
0])viously it is very probable that in different species 
similar pangenes may lead to the origin of the same new 
pangenes ; and this might perhaps exi)lain many phenom- 
ena of parallel progressive mutability. 

Lastly we must suppose that the pangenes, or groups 
of them in each of the conditions referred to, may be 
more closely or more loosely associated with the remain- 
ing ones. If the association is a cIo.m i>ne it will remain 
the same through all generations, and the s|xjcies or 
variety is immutable with regard to the character in 
question. If the equilibrium is an unstable one, the 
character in question is mutable; ancl slight external in- 
fluences may turn it into a stable condition and thus in- 
duce the visible mutations such as those of the Ocnoth^ras, 
Unfortunately, however, the n. ture of these influences 
is still unknown. The stable condition, which in this way 
arises out of tlie mutable one, can l)e either active or 
latent. 

It would be easy to extend this discussion further; 
suffice it, however, to say that the relation ‘of pangen- 
csis to new discoveries is everywhere more or less ol> 
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vious, if closely examined. This demonstrates, in my 
opinion, the truth of the two doctrines of pangenesis 
and mutation; and opens an ever wider field for the 
investigation of hereditary phenomena. 



IV. GE01X)GICAL PERIODS OF MUTATJON. 

§ T2 THE PERIODICITY OF PROGRESSIVE MIj'TATIONS. 

The essence of the theor}'^ of mutation lies within the 
narrow limits of the Linnean citllective si>ecies and agrees* 
equally well with the theory of descent with modification 
and with the doctiine of cieation. Its si.)eciai province 
is the question how those smaMer s|>ecies originate which 
were supposed in pre-Darwinian times to have arisen 
by natural laws from the created types, i. e., from the 
collective sj)ecies. 

But the light shed by the new theory extends far be- 
yond these narrow limits. Its full importance can better 
be estimated from a general point of view than by a 
reconsideration of the facts already given, and the final 
judgment will probably depend in a larger measure on 
its applicability to the broad questions of descent, than 
on the significance of the facts upon which it is based. 

Therefore it seems desirable to show that the muta- 
tion theory is really in closer accord with present views 
regarding the phylogeny of plants and animals, in many 
and indeed in the most important points, than the pre- 
valent form of the theory of selection.^ In doing so 
I shall confine myself as much as possible to the opinions 

* See my lecture delivered before the association of German nat- 
uralists and medical men at Hamburg in Septcml>er jgoo. Die Muta- 
tionen und die Mutations pertoden hei der Entstehung der Arten 
(Lcipsic; Veit & Co., tqoi). 
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of the best authorities; and shall not propose any new 
hypotheses, but merely point out the agreement between 
tlife doctrine of mutation and the theories which have 
been put forward by others. I shall be treading new 
ground and shall therefore be as brief as possible, refer- 
ring the reader to the literature on the subject for in- 
formation on special points without dealing with these 
in detail. 

I will first discuss the conclusions which may be de- 
rived from a consideration of the mutation period in 
Oenothera Lamarckiana, and shall then attempt to show 
that these are in perfect harmony with geological and 
paleontological facts. 

Starting from the fact that our Oenothera is at pres- 
ent in a condition of mutability, we naturally ask the 
question whether this condition has had a beginning 
not. If it had, the plant must have had, at some pre- 
vious time, immutable ancestors; if it had not, all its 
ancestors, back to the most simple organisms, were as 
mutable as it is now. 

The former view agrees with that which was held 
alx)ut the middle of the previous century, before the 
spread of Darwin^s ideas. The general conception was, 
'V]ue les especes varieraient plus a certaines epoques de 
leur existence qu'a d’autres."’^ This obviously leads, 
in our special instance, to the supposition of a period of 
mutation ; and this is exactly the view expressed in the 
first volume of this lx>ok. It leads, further, to assume 
periodic mutations which have alternated with periods of 
immutability; for if all the various elementary characters 
whose accumulation has ultimately led to the origin of 

‘ H Lecoc^}, Geographic botanique, 1854. See also Alph. de Can- 
dolle, Gihtgraphie botanique raisonnee, IT, pp. 1100-1102. 
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our species, liav*^ arisen suddenly, these changes must 
have been distribuied more c»r less regularly over the 
wliole line oi ancestors of the Oetiotliera, How many 
steps aie combined into a single period of mutation can- 
not be determined, 'uid die question is obviously of sec- 
ondary intcre‘Tt only. The availabk' evidence seems to 
indicate tliat only <.'ne step in the same direction occurs 
at one lime; but obviously this does not exclude the possi- 
bility of periods in which more numt rous changes occur. 

In order to apj)ly die results obtained with our prim- 
roses to earlier hy])othetical jicriods of mutation, I will 
repeat the cmpirital pedigree oi the first volume (p. 224), 
but in a somewhat different form. I will indicate the 
lateral blanches which arise from the main stem in suc- 
cessive years, that is to say the new s|)ecies, in the form 
of radiating groups ( Fig. 148). ihich group denotes the 
mutations in a single generation, h'he main stern contin- 
ues unchanged and successively produces the individual 
groups. Together, however, they oI)\ ionsly belong to one 
and the same jicriod, inasmuch as each of them mainly 
consists of the same species and in approximately equal 
proportions. 

In order to com])are this j)eriod with previous ones 
the whole figure may lie conipresserl to a single group. 
This has been done in the iqijier part of Fig. 149. The 
lateral branches do not arise liere from a single point, and 
this is intended to indicate the fact that the figure em- 
braces a series of generation- in wliich the variations were 
repeated. 

As stated above, we will now assume that the ances- 
tors of our Oenothera have not always lieen mutable. 
Therefore our group must have a limit below, and must, 
so to speak, be borne by a stem without lateral branches. 
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Fig. 148. Pedigree of Oenothera Lamar ckiana, exhibiting 
the yearly origin of new species in my experimental 
garden in the years 1889-1899. g, O, gigas; a, O. albida ; 
//, 0 . lata; n, O. nanella; r, O, rubrinervis; o, 0 . oblonga ; 
s, O. scintillans. The numbers preceding the letters are 
those in which the species in question arose. The num- 
l)ers on the main stem show the extent of the yearly cul- 
lures. 
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Fig. 149. Schematic pedigree progressive formation of 
species; based on Oenothera Lamarckiana. 'J he upper 
group is a reduced form of Fig. 148, and contains the 
same new species. Onagra is the sub-genus to which 
Oenothera Lamarckiana belongs. Euuenothcra, KneiMa 
and Xylopleurum are other sub-genera of Oenothera. 
The two small groups of lateral branches which have 
been intercalated are intended to represent the sever.d 
intermediate periods of mutation. The figure can be 
continued downwards in a similar manner. 
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If now we follow this stem downwards, we must ob- 
viously sooner or later arrive at another mutation period, 
and of course one of which, although direct observation 
is no longer possible, so many products remain, that we 
may conclude with a high degree of probability its simi- 
larity with the period observed by me. I am referring 
to the differentiation of the sub-genus Onagra, and of its 
numerous species such as O. biennis L., O. muricata L,, 
O. cruciata Nutt, etc. I have already dealt at length in 
the first volume (p. 440) with this hypothetical period, 
and therefore may now limit myself to representing this 
Owa^rra-period in Fig. 148 in the same way as the group 
above it, which relates to the variations now being pro- 
duced by Oenothera Lamarckiana. 

Obviously we may now continue our scheme dov^^i- 
wards. We next reach the sub-genus Euoenothera, many 
of the species of which are very like those of Onagra^ and 
have, indeed, sometimes been confused with them, as, e. g., 

0. odorata witli 0. suaveoicns. From these we attain to 
the genus Oenothera itself, whilst otlier sub-genera form 
lateral liranclies, of which Knciffia (Fig. 89, p. 458) and 
Xylopleurum ha>^e lieen selected as examples in Fig. 149. 

I have so often made reference to the vestiges, left 
by other past, but relatively recent, periods of mutation^ 
that I may now confine myself to mentioning the follow- 
ing: Draba verna, according to Jordan and Rosen (Vol. 

1, p. 173 and Fig. 3 on page 22) ; Viola tricolor (Vol. I, 
p. 23, Fig. 4 ) according to Wittrock^s researches. Hie- 
racium, Rubus, Rosa, Hclianthemum and many other 
genera with their numerous closely related species are 

*It would appear^ from Wasmann's beautiful investigations, 
that certain beetles (of the genus Dinarda) which live in association 
with ants are'at present in a mutable state. Biolog. Centralblatt, XXI, 
Nos. 22 and 23, Dec. 1901. 
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instances of buch groups. In such cases St.vNDFUSS, in 
conducting his well-known experimental investigations 
into the relations between closely allied species of insects, 
uses the expression, ‘‘changes like successive explosions/^ ^ 
Every genus rich in species gi\es him the impression of 
an explosion. It looks as an original species burst into 
hundreds of •foniis, the smalle* ** species, among which 
some survivetl and constitute the present sj>ecies. The 
genus is obviously only this firiginnl or collective spe- 
cies. 

Our Fig. 149 could be continued further downwards. 
From the elementary species we came to the collective 
species, and from these to the sub-genera and genera; 
in the same Way to the more remote ex])losions would 
correspond the sub-families and families and the higher 
grades of the system. If the whole system were i>er- 
fectly known to us, and if the jKHligrce had the forni of 
an ordinary dichotomous table, each point of division 
would represent a period of mutation, from which, how- 
ever, only the .selected lateral branches, and not all those 
which had arisen, would he included in the pictuie. 

So much then for the s|)eco.la(ions lo which an affirma- 
tive an.swer to ilie question proposed above (p. 652) would 
lead. In the following section we shall .see how naturallv 
these fit in with the results of paleontological investiga- 
tion ; but we must now discuss what are the results which 
would follow a negative an.swer to the .same question. 

Such a negative answer would imply the assumption 
that all the ance.stors of our Oenothera, back to the first 

* M. Standfitss. ExpcrimentcUe soologtsche Siudien Ncue 
Denkschriften d. allg. scliwci/. Ges f. d ges. Naturw., 1898, p. 2 ^, 
Further the articles of the same author in The Entomologist, May 

1895, and in Bull. Sot. euiomologique de Prance, 1901, No. 4. Also 
his Handbuch der paliiarktischen Crossschmetterlinge, Zurich, 1896, 
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forms of life, have been mutable. Let us consider this 
view in relation to two important results of our investi- 
gation. In the first place it is obvious that Oenothera 
is not the only mutable plant. According to the re- 
searches of Bailey and White tomatoes are now almost 
certainly undergoing such a change, and cocoa-palms, 
since their introduction into the Indian Archipelago, must 
almost certainly have passed through such a period. 
Everywhere in the vegetable kingdom we come across 
vestiges of periods of mutation; and we should be led 
to the conclusion that the phylogeny of plants is repre- 
sented by a richly-branched pedigree in which, down- 
wards from the mutational groups now living, the lines 
must always be composed of mutable ancestors; for the 
assumption that mutability is an uninterrupted procefs 
is exactly the hypothesis from which we start. 

Rut not all plants and animals are mutable at the 
present time; on the contrary, mutability is a very rare 
phenomenon. "Idiis circumstance can only he brought 
into harmony with the theory of the ever mutable main 
lines of the pedigree, by assuming that they have pro- 
duced lateral branches in which the capacity for mutation 
has been lost. That such has often been the case we may 
confidently infer from the available evidence. Accor- 
ding to the principles enunciated in the previous chapter, 
all tliat is necessary" to bring this about, is that the repre- 
sentative elements l)e transferred from their unstable 
into a rigid condition. 

The whole pedigree would then appear as a freely 
branched system of continuous mutable lines without 
gaps, and which are everywhere clothed, if I may so 
express it. , by numerous immutable lateral branches. 
These would then stand in the same relation to the stem 
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as the short foliage-bearing branches cf our trees do to 
the long branches which form their crowns. 

Every genus and every suthgenus would then con- 
tain at least one mutable snecies, ^rom which the others 
have arisen, and this one might either still survive iu 
their midst or have perished. In the foimer cases, jme- 
sumably rare, tliese parent species would agree most 
closely W'ith the supix)sed generic ty|>es of Gartner 
which he regards as the centra' or original foniis of the 
genus, on the ground of their l^ehavior in crosses.^ 

It is easily seen that th.e contrast between the two 
pedigrees, to which an aftinnative and a negative answer 
of our question resi>ectively leads, is not of a very funda- 
mental kind; and that the tw'o tan be reconciled if we 
regard the periodical mutability of the former and the 
large number of immutable branches of the latter as the 
two chief features. 

Let us now consider the conclusions whicli tlie paleon- 
tologist Daniele Rosa has drawn from his extremely 
important studies on the diminution in variability in ^'on- 
nection with the appearance and extii.clion of species.- 
A detailed study of the phylogeny of extinct forms led 
him to conclude that the prospect of the survival of gen- 
era and families, and indeed of whole orders, was demf>n- 
strably correlated with their richness in forms. Cases 
like Lingula which have remained the same with very 
slight changes from Cambrian times up to the present 

* Gartner, Bastarderscugmg im PHanccnrcich, pp. 273-289. 

*D. Rosa, La rtdnzione progressiva della yariahilifd, c i suoi 
rap parti coir cstinzione et coll* origine delle specie, Turin, 1899. ricr- 
man translation by H Bosshard, Die progressive Reduktion der 
Vanabilitdt und ihre Bezichungen zum Aussterben und zu der Lnf- 
stehung der Arten, Jena, 1903. G Cattaneo, 7 limiti della varia- 
hilitd. Rivista di Sc. Biolog., 1900, Vol II, Nos 1-2. » See also K. D, 
Cope, '‘The Law of the Un specialized,” Primary Factors of Organic 
Evolution, Chicago, 1896. 
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day, are extremely rare.^ On the contrary we usually 
see that the smaller groups sooner or later die out, whilst 
it fs only in those cases in which variability, that is to say 
the production of new forms, has been most active that 
the groups continue for longer periods of time. Incapac- 
ity to vary dooms a group to death ; only those who can 
most easily and quickly adapt themselves to changing 
conditions of life can survive. Species-forming variabil- 
ity is therefore not a universal capacity for variation, but 
only the result of quite special conditions which may often 
be absent from certain groups. 

If we assume that the mutability in the main lines of 
the pedigree is an uninterrupted condition,^ and that this 
power, once lost, cannot be regained, it is clear that every 
branch of the pedigree, i. e., every larger or smallei^ 
group, is doomed to extinction as soon as the mutable 
si^ecies in it become extinct from some cause or another. 
On the other hand it is easy to see that the more numer- 
ous the mutable types are, the greater is the species- 
forming capacity of the whole group and, consequently, 
the greater its prospect of maintenance throughout geo- 
logical ages. 

Without giving a definite expression of opinion, it 
does not seem to me to be likely that mutability has con- 
tinued throughout geological times without interruption. 
Therefore I think it more probable that there has been 
alternation between mutable and immutable periods. This 
latter view, moreover, is in agreement with the conclu- 
sions arrived at by Rosa. 

'Further instance*? are given by Hi^xlev, Proceed, Roy, Inst., 
Ill, p. 151 ; and by Poi^lton, Brit, Assoc , 1896, Zool. Section, Presi- 
dential Address. For the Foraminifera see Carpenter, Introduction 
to the Study of the Foraminifera, 1862, p. xi, etc. 
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§ J 3 . ITERATIVE FORMATIOM CF SPECIES 

• 

Theie is a great deal of evidence lo show that species 
arise in groups, and that ! icy originate discontinuously 
in the geological strata.^ For various groups of animals 
and plants tlie exhaustive studies of Koken have shown 
tiiat this mode m the origin of n"w forms in the geo- 
logical strata is the usual one.^ He calls this phenomenon 
tlie iterative formation of species. According to him a 
))ersistent species produces ‘'varieties*' which ap|)ear in 
swarms at certain periods; these periods are separateil 
hy more or less long phases of rest. Tie observed this 
first among the»more ancient gastropods ; but ca.ses of the 
iterative formation of species have been described also 
amongst the Craniadae and Pectinidae. 

It does not seem to me to l>c going too far to argue 
that the conclusions derived, in the foregoing section, 
from the actual observation of the process of mutation 
fit in with these results of paleontological investigation 
in a perfectly simple and satisfactory way. whilst the 
old theory of selection can only accoiJiit for this perio- 
dicity by the help of special hypotheses. White, who has 
thorougly investigated these phenomena from a paleonto- 
logical point of view,^ has recently ix>inted out the agree- 
ment of my views with his conclusions.'* Our Fig 149, 
(p. 655) could be used as a schematic representation of 

'W. 0 . Focke, Die PfUinzcnmiscfilln^c, i88i, p. 509. 

®E. Koken» Palaontologtc und Dcsccndcnslchre, Jena, 1902, and 
tlic literature cited here. See especially pp 12-13. Sec also W. H. 
Scott. On Variations and Mutations, Am Journ. Sc., Vol., XLVHI, 

p. 355. 

® Charles A. White, The Relation of Biology to Geological In- 
vestigation, Report of the U. S. Nat. Mus., 1892, p. 2 ^$. 

* The same. The Saltatory Origin of Species, Bull. Torrey Bot, 
Club, Aug. 1902. 
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Koken s conception. In each of the several periods the 
new forms appear in a swarm, whilst the periods them- 
sefves are separated by phases of rest. According to the 
theory of selection the species themselves should be trans- 
formed into new ones; but according to the theory of 
mutation the original species does not disappear, whilst 
the extremes press forward. In the case of Oenothera 
Lamarckiana the main stem continually multiplies with 
undiminished vigor. Its derivate species have the greatest 
difficulty in maintaining themselves in competition with 
it in the natural state. Even so, as Koken points out, 
paleontology recognizes numerous cases in which the type 
species persists alongside those to which it has given rise, 
and it may even sometimes persist after these have dis- 
appeared. 4 

The genetic association of the individual types can 
he demonstrated by exi^eriment; but in paleontology con- 
clusions relating to this point must obviously be based 
on considerations of a comparative nature. Apart from 
tliis, everything seems to be exactly the same. ‘'The 
swarms of varieties and s|)ecies succeed one another like 
I he stories of a house. Similar forms recur by being 
])roduced at various times by the conservative guardians 
of the race, but not by one giving birth to the other.’’^ 
Paleontology has the great advantage of directly demon- 
strating the stories which follow one another, as such. 
Comparative biology, on the other hand, has to infer 
them from classification, whilst experiment will probably 
always have to confine itself to a single story. 

According to the precedent set by Waagen, the sev- 
eral fonns of a group which follow one another in the 
course of time, and by means of which a type is gradually 
*E. Koken, Jahrb. d k. k. geol, Rcichsamfs, 1896, p. 40. 
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changed, are usuali/ designated amongst paleontologists, 
as mutations.^ The naint varieties is applied by them to 
tlKjse forms which live side by side at the same time ahd 
constitute the rays (»i a fan or the units of a swarm in 
our diagram in Fig. 149. In this sense my Oenotheras 
are related to one another .is varieties, but to the parent 
iorm as mutatii '.s In cKperimental science, however, 
these ]uleontologicril terms would prove verv incon- 
venient: and the older meaning of the word “mutation,” 
as it was used by botanists long Itefore Waagen, :s 
greatly to be prefei red. What v^aneiies are, will for a 
long time remaiji a topic ol discussion/*^ 


§ 14. TIIK DIOCTTRONTC EgrATION 

The characters of organisms arc not unlimited in 
number. However coin])le.x the slruclure of a higher 
])lant or animal may seem, and however much the char- 
acters which compose them may give the impression of 
being unlimited, no one will deny that, when more closely 
( xamined, tlieir organization will app<*ar, although not 
simple, at least a great deal simpler than it seemed to l>e 
at first sight 

Cope states that for the 28,000 species of vertebrates 
there are only a few hundred organs on which their varia- 
tion and div^ersity rests.*^ If vv^e examine the dichotomous 
tables for the identification of secies in the most variotis 
groups of animals and plants, we are astounded at the 

’ See IT F. ZiDii.ER, Vchcr den dcfzritigot Stand dcr Dcsccndenz - 
Ichrc in dcr Zoolo^ic. Jena. 1Q02; anrl tlic «^anie in Zoo\. Centralblatl, 
igo2, Nos. 14*15 

* See above § ^ p 578 S vgerft HtTincd mutations as *'J^aricth 
qui sc forment sons nos yeuxS Ann Sc. not., 1826, p. 299 

r D Cope. The Primary Factors of Organic Evolution. 1896. 
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small number of characters necessary for such identi- 
fication. If, in the case of single forms, we look at a diag- 
nosis of species, genus, family or order, we find only a 
small series of characters referred to. If we attempt to 
describe a higher plant as completely as possible, it be- 
comes difficult to prolong the list for over more than 
a few hundred characters; and even if we have regard 
to internal structure,^ latent characters, and so forth, it 
is very difficult to attain to thousands of characters. 
The significance of this difficulty is best illustrated by 
the fact that such a description of a single form would 
cover over a hundred pages of print. 

The structure of our eye is infinitely wonderful; the 
series of intermediate stages between it and a simple 
spot of pigment is immeasurably great; and a period Iff 
millions of years would be needed on the theory of selec- 
tion for the attainment of the present high degree of 
organization from those first beginnings by means of 
ordinary variability.^ But Murphy, Brooks and many 
others have pointed out that these considerations do 
not necessitate the conclusion that it must have happened 
in this way.® On the contrary, the extraordinarily long 
time which the theory demands, leads us to suspect that 
there is some weak point in the argument. 

It is perhaps here that the theory of mutation, re- 
garded from a general point of view, manifests its great- 
est advantages over the prevailing form of the theory of 
selection. In the first part of the first volume I have 
attempted to show that it agrees with results of exi>eri- 

^ A. Gravis, Reck anat sur les org. viget. de TUrtica dioica, 
Mem. sav. ctr. Acad. Belcre, Vol XLVII, i8^; and the same author, 
Reck anat. et phys. sur le Tradescaniia virginica, ibid., 1898. 

• Darwin, Origin of Species, p. 143. 

• W. K. Brooks, Heredity, 1883, 2d. ed., p. 283. 
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ment far bettCi: tha.i that theory. We now see that when 
applied to the great problems of life it is free from 
those insuperable difficulties, which so many investigators 
have found to stand in the way of the theory of selec- 
tion. 

The theor}' of selection demands almost unliiuited 
time for the evolution of organisms; for the mutation 
theory, on the other hand, the ti*ne which the physical 
geologists grant to life, is amply sufficient This /iew 
was first clearly expressed by Brooks, in accordance with 
Huxley, when he showed that all the difficulties which 
beset the theory of selection and which, according to 
many investigators, needed 2,500,000,000 years for the 
whole process of evolution, won’:! disappear if we assume 
relatively sudden and discontinuous changes to take place 
from time to linie.^ 

The most distinguished investigator > demand a period 
of about 24 million years, to cover the duration of life 
on the earth. If the ancestors of our Oenothera La- 
marckiana have produced, once in every 4000 years, a mu- 
tation which made them richer by a single character, our 
plant would now be composed of 6000 such characters, 
a number far higher than comparative and systematic 
science can by any means accumulate in its description. 

This rough calculation shows at any rate tliat the 
demands made by the theory of mutation are not so exor- 
bitant as those made by that of selection. Neither the 
number of mutation periods passed through, nor that of 
the characters acquired in them, is beyond our powers 
of comprehension. On the contrary the phenomena 
viewed from this standpoint are such that they indicate 
the possibility of a much closer investigation. 

*W. K. Brooks, loc, cit, p. a86. 
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Let us now proceed to consider the relation between 
the^ degree of organization and the speed of the evolution 
from a more general point of view. For this purpose 
I shall deal with the several factors as briefly as possible, 
and propose to begin with biological time. 

Many investigators have attempted to reach an ap- 
proximate estimation of biological time, i. e., the dura- 
tion of life on the earth. Proceeding on entirely different 
lines, the best of them have arrived at results which 
agree in a most remarkable way. From this fact we 
may infer that the calculations, which from their very 
nature must be more or less vague, probably represent a 
fairly close approximation to the truth. ^ 

I take the following,^ partly from Lord Kelvin’s 
famous researches, and partly from the clear expositic^ 
given by W. J. Sollas in his address as President of the 
geological section of the British Association in the meet- 
ing of 1900; and further from the recent investigations 
of Dubois. 

Lord Kelvin based his first calculations on the in- 
crease in temperature in the successive depths of a mine.^ 
This increase, however, has been shown by more recent 
investigations to vary considerably. The older deter- 
minations gave from 25 to 37, or sometimes as much as 
50 meters for each degree Centigrade. In the neighbor- 
hood of the North American lakes, however, in a shaft 
of 1396 meters, an increase of 1° C. per 122 meters has 

'An exhaustive re\new of the subject can be found in Album 
dcr Natuur, Sept. 1901 ; and the matter is also dealt with by H. 
Charlton Bastian, Studies on h erogenesis, London, igoi, pp. i-x. 
See also Nature, Sept. 1900 and Revue scientifique, April 1901. 

•Sir William Thomson (afterwards Lord Kelvin), The Secu- 
lar Cooling of the Earth, Transact. Roy. Soc. Edinburgh, 1862, Vol. 
XXIII. 
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been observeu, and .lear Przibram in Bohemia, an in- 
crease of 1° C. for every 69 irieters. Inasmuch as 
these two latter records have been made in districts which 
are farther removed from local sources of special high 
temperature than the older mines, wc must conclude that 
the earth has already cooled down much further than 
was previously ihought, and that the period of 20 to 40 
million years arrived at by Lord Kelvtn, is by no means 
too high an estimate. 

George Darwin calculates that the moon separated 
oflf from the earth at least 56 million years ago, and 
Geikie ptit as the maximam for the existence of the 
earth’s crust, a hundred million years. The general viev. 
is that the formation of the sea occurred fairly soon, 
geologically speaking, after the formation of the crust, 
and that no great period of time was necessary for a 
cooling of the water, sufficient to render life possible. 

Further data for similar calculations are furnished 
by the action of rivers. The.se carry certain dissolved 
salts to the sea. From the mean proportion of sodium 
chloride which they contain and frciin the total volume 
of water which is poured info the sea every year by all 
of them, we can calculate how much tlie saline contents 
of the sea must increase, from this cause. The total 
amount of dissolved salts in the ocean can also be cal- 
culated and we can then estimate the numlier of years 
necessary for the accumulation of this quantity. From 
these data Joly calculated tbe age of rivers to 1^ ^>0 
million years; but it is highly probable that the C(jii- 
tinents were originally far richer in salt than now, and 
that the rivers have more or less exhausted them, that is 
that they carried more salt to the sea in ^former times 
than they do now. Applying this qualification, Sollas 
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has reduced Joly's result to fifty million years at the 
most.^ 

‘ Eugene Dubois has made use of the calcareous con- 
tents of rivers as the starting-point of his calculations.^ 
He starts from the fact that carbonic acid is the source 
of plant food, and that the process of assimilation is the 
only one on this earth by which oxygen arises on a large 
scale. His arguments led him to conclude that the total 
amount of oxygen in the atmosphere has become free in 
this way. Now, carbonic acid is contributed to the at- 
mosphere by the action of volcanoes. Once arrived here, 
it is partly decomposed by plants, and partly itself acts 
on rocks, and especially in combination with lime and 
magnesia forms salts which are washed otit by the rain 
and carried by the rivers to the sea. Here, howev^J*, 
these salts are again laid down in coral banks, shells, 
and so forth, and in this way arise the enormous calcare- 
ous strata which constitute so large a portion of the hard 
crust of the earth. The volume of these layers can be 
approximately calculated, and the figure thus obtained, 
when divided by the annual contribution, gives some idea 
of the duration of the wliole process. In basing his cal- 
culation on the chalk only, Dubois arrives at an estimate 
of 45 million years; but if magnesia is included as well, 
obviously a much smaller figure must be arrived at, viz., 
36 million years. 

I have still to mention briefly two further methods 
of arriving at this result. Helmholtz found that the 

'For a further discussion of these calculations see E. Dubois, 
Kou. Akad. V. IVet. Amsterdam, Jan. 1902, p. 503. 

*E. Dubois, ibid., p. 495, and also he. cit, June and August, 
1900. The same author, Over den Kringloop der stof op aarde, Ley- 
den, 1899; and Over den ouderdom der aarde, Kon. Ned. Aardryksk, 
Genootsch., 1900, 
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sun can have shore for only about 20 million years with 
approximately the same energy as ihat with which it 
shines now ; and since this is the first condition of Jife 
on the earth, we must assume that its duration has been 
about the same as tliis period. The most authoritative 
estimate for the total thickness of the geological strata, 
and of the speed with which th<’y have been laid dow^n, 
is that of 80 kilometers, laid dov. n at a rate of 30 centi- 
meters per century, and this leads to an estimate of 26 
million years for the whole jx^riod. 

Therefore, about 20 to 40 million years is the period 
of the duration of life upon the earth; and Lord Kelvin, 
who a few years ago subjected the data, on which this 
estimate is Wased, to a critical reconsideration, came to 
the conclusion that the duration of life on the earth may 
provisionally be put at about 24 million years.^ 

We will therefore ni)w adopt this figure as a basis 
for our further arguments. 

The second question is this: How quickly have the 
individual periods of mutation followed on one another? 
We have very few data which enable us to arrive at any 
conclusion on this |X)int. As is well known, the parts 
of plants which have been preserved in the sepulchers 
of the pyramids ahmg with the mummies, and in other 
monuments of the same period, such as flowers, leaves, 
fruits, cereals, straw and weeds of the fields, pnwe the 
great antiquity of many species which are still existing. 
Numerous species are no doubt older than the pyramids, 
and have therefore remained unchanged for a period of 
at least 4000 years. The remains of lake dwellings.^ 

* See the review in the Phil Mag , Jan 1899. 

*Osw Heer, Die PAansen der Pfahlbauten. Schwei?. Natiirf. 
Gesellsch., 1866, No. LXVIII, with one plate; alsoC. Schroter and 
J. Heer, Lebensbild von Oswald Hcer, Zurich, 1885* 
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the drawings on Roman coins, and many other facts of 
the same kind conduce to similar estimates.^ On the 
other hand, the rarity of mutable plants in comparison 
with immutable ones, and also the small number of genera 
and other groups rich in species, as compared with the 
ordinary types of the Euro|)ean and American floras, 
lead ])y an entirely dififerent chain of argument to con- 
clusions which mainly support those reached above. 

We may therefore assume as a provisional conclu- 
sion that a few thousand years elapse on the average 
l)etween two successive periods of mutation. Of course, 
it is extremely probable that the speed of the process of 
evolution has not at all times been the same. On the 
one hand we must su])pose that at first it w^s more rapid 
than it is at ])resent.- On the other hand there mi!^t 
have been ])eriods of greater mutability and periods of 
relative stagnation, jx^ssibly m the whole animal and vege- 
table kingdom, but certainly in special lines of descent 
owing to which some have reached a high degree of 
dififerentiation in the same period of time in which the 
])rogress in other lines has been relatively small. The 
Cambrian ])eriiKl divides biological time into two ap- 
proximately equal parts, no fossil remains from pre- 
Cambrian times are known In Cambrian times members 
of all the more important groups of invertebrates sud- 
denly appear, and among plants the Algae are richly 
represented. It almost seems that (^nly those lines of 
descent which have made their evolution on the con- 
tinents have begun in |X)st-Cambrian times. 

In a very attractive essay Brooks has shown how 

* Instances of the ages of certain plants are gi\cn by De Can- 
dolle, Gcograi>hJe hotaniquc, II, 1063-1068, 1086 etc. 

*On this point see my lecture cited aliovc, pp. 52-57. 
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this transfonnatir n from the non fossilifeions to the 
fossiliferoiis period may he imagined to have taken place.^ 
In the i^eginning life was chiefly confined to the npper 
levels of tlie sea; and extended only those depths to 
which the rays of the sun penerrated, thus supplying the 
source of energy for the nutrition oj tlic smaller \lgae. 
These latter v'er^ almost the only source of ncnirishment 
for the animals which therefore !iad not left thi''' «*egion 
yet; consecjuently the\ were mostly small a^Ml of delicate 
structure, and without sncli parts as could hecome fo^s l. 
Afterwards it was tlie discovery, as Hkooks calls it. of 
the possibility of life on the glofam bottom of the sea, 
on the dead remains of the swimming organisms sink- 
ing there, w^fiich extended the disti ihiition of life and 
furnished a new and most varial)le abode for living be- 
ings. Thus W'as started the ra])i(l and abundant evolution 
in the numerous directions wdiich now constitute the 
main lines of organic descent. 

Ilesides tliis period of rapid evolution, Brooks, to- 
gether wdth other wu'iters, assumes that tlicre h«a\c been 
other special periods of great variability: for instance at 
the time w^hen land-animals and again w hen man originated 
Hoc. cit., p. 217). The distrilnition of fossils also Indi- 
cates the existence <»f periods in which the fonnati<'n 
of s])ecies has been especially rapid.” 

1'lie questiori arises: Were the individual mutalions 
greater in such periods, or ihd they only f()!low' more 
rapidly upon one another ?•*"’ This question is one of 
comparative anatomy and of systematic science. Some 

'W. K. Brooks, The Foundations of Zoology. 1899, pp 215-237. 

^ Die Mutationen und Mutaiwnshcnndcn, p 5^* aKo W. K. 
Brooks, Foundations of Zoology, p 21S, ( ji \ Wmii', the Re- 
lation of Biology, p. 296. etc • 

'** E. Kokex, Palaontoldgie und Dcscnnicnzlchrc , p 30. 
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investigators hold one of these views, others the other. 
If we assume that the individual mutations in such pe- 
riods were changes of a greater amplitude, they migtit 
be designated by a special name, for instance by the one 
suggested by Schneider^ the “descenses."’^ There is no 
fundamental difference between these and mutations, and 
the same changes may, according to Schneider, in some 
lines attain to the magnitude of descenses, whilst in 
others they may remain of merely subordinate impor- 
tance. 

At present, however, I am concerned merely with an 
approximate and average estimate, and the knowledge at 
our disposal suggests that an estimate of a few thousand 
years fairly closely represents the truth. • 

A third question relates to the number of elementat|/ 
characters of which one of the higher animals or plants 
is composed. According to the theory of selection an 
almost unlimited number of complications would be pos- 
sible, In my Intracellular Pangenesis I have shown that, 
quite on the contrary, the number in question cannot be 
so inordinately great; for we repeatedly see the same 
characters recurring in different organisms, many of 
them in systematic groups widely remote from one an- 
other, as for instance in the higher plants and the higher 
animals. I need only mention the close similarity be- 
tween the chemical processes involved in digestion in the 
stomach and in the leaves of insectivorous plants. Ten- 
drils and climbing plants, submerged or swimming water- 
plants, heterostylic and cleistogamous flowers, parasitism 
and saprophytism and numerous other instances could 
be adduced. Kverywhere nature has built up the whole 

*K. C. ScrfNETnEK, Lehrhuch der vergietchenden Anafomie, Jena 
1902. pp. 244. 24« 
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extraordinary richness of its forms, from a relatively 
small number of eLmentaiy units, for almost every indi- 
vidual character is found in numerous species, and it»is 
to their different .grouping and their combination with 
the rarer factors that the extraordinary diversity of liv- 
ing forms is due.^ 

As we can easily see, this view efiects a considerable 
simplification of the problem. Many authors have ex- 
pressed their agreement with It, and only last year 
Schneider stated his opinion clearlv enough, when he 
said that the number of histological characters is by no 
means a very large one.^ 

The question is, hoAvever, how manv elementary char- 
acters an angiosperm or a iiigher animal possesses, o\i 
the average. In the former case I have attempted to 
draw up lists of characters. Every such list consists 
of two parts. The first half emlx)dies the characters 
which had lieen acquired up to the ♦ime when the sys- 
tematic group, to which the plant belongs, originated, 
and this part is therefore the same for every species 
within the group. The second half contains the later 
characters, viz., those of the phylum and orders down to 
the species and varieties. In drawing up such lists, it 
is easy to reach the number of a few hundred characters ; 
but then the task becomes more arduous, and finally in- 
superable difficulties are encountered. But it is evident 
that even a complete list would scarcely embrace more 
than a few thousand characters for any single plant. 

Our conclusions may therefore l>e summarized in the 
following theses : 

' Fntracellulare Pangenesis (Get. ed.), p. 7 ; English translation 
by Prof. C Stuart Gager, 1910, p. 8. . 

*Loc, cit, p. 24S. 
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1. The number of elementary characters of a higher 
plant, that is to say, the number of mutations through 
which its ancestors have passed from the beginning, ^s 
probably not more than a few thousand. 

2. The average intervals of time between two suc- 
cessive periods of mutation are similarly to be estimated 
at a few thousand years. 

3. From this we may conclude that a period of some 
millions of years is sufficient for the whole development 
of the animal and vegetable kingdom ; or, in other words, 

4. The doctrine of mutation does not demand a longer 
period for the duration of life than that which has been 
given by Lord Kelvin, viz., 24 million years. 

These theses may be most simply sumlnarized in the 
statement that the product of the number of elementally 
characters of an organism, and of the mean interval of 
time between two successive mutations of its ancestors, 
is equal to the extent of biological time.^ If we call the 
former magnitude M (the number of mutations), the 
length of the intervals L and biological time BT, we have 
the expression 

MXL = BT. 

I have called this the biochronic equation.^ It will, 
I hope, help to demonstrate the importance of the doc- 
trine of the elementary units of organisms, and thus 
bring this doctrine prominently before the eyes of the 
general reader, as well as of the trained investigator. 
This is my main object in enunciating it. 

’The mutations referred to in these paragraphs are of course 
progressive mutations. 

^Dlc Mufationen und die Mutationsl*crioden, p. 63. 
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Abbado, 595. 

Abbink-Spaink, 572. 

Abies cxcclsa, fasciated, 492. 
Abut lion, 30. 

Acacia cornigcra, 311; diver si~ 
folia, 23 ; vcrticillaia, 310. 

Acer Pscudo-Platanus, tetraco- 
tyls, 360. • 

Achillea Millefolium, 3$; rosea, 

321. 

Adaptations, explanation of, 606, 
Aesculus Hipl>ocastanum, 201, 

225, 370. 

Affinity, sexual, 592. 

Agave vivipara, 23. 

Agrostemma coronaria bicolor, 
62, 85; Giihago, 15, 501; G. 
nicaecnsis, 84 ; G, pallida, 65. 
Aloe verrucosa, 70. 

Alpine plants, 59 
Amaroiitus speciosus, 361 ; trico- 
tyls, 398; tri-radiate, 497. 
Amphi-syncotyly, 457. 

Anagallis awensis coerulea, 84; 

phoenicea coerulea, 621, 
Analysis of organisms, 567. 
Anemone coronaria plena, 13* 
Anthemis nobilis, 93. 

Anthyllis Vulneraria, 59. 
Antirrhinum majus, 289, 345» 4^0; 
peloric, 224; striatum, 120; 
terminal leaves of, 376; trico- 
tyls, 432. 


Aquihgta, 30; chrysantha, 83. 

Arabis alptna, 274; \ancgalcd, 
JeSy. 

Arnica montana, 272. 

Arum waculatum ininiaeulatuat, 
62 

A) undo doncx, 268. 

Artemisia Absynthium, fasciated, 
e'>7. 

Ascherson, 9$. 

Asperula asurea sciosa, tricotyls, 

358. 

Aspidistra clatior, 268. 

Aster Tripoiium, 35, 498; annual, 
299; fasciated, 512. 

Atavism, 44, 71, 104; by bud- 
varialion, 110,625; mutational, 
109; phylogenetic, 107; pliysio- 
logical, 107; vegetative, 619. 

Atavists, 514; offspring of, J 
significance of, 554. 

Atropa Belladonna lutca, 63,606. 

Aurea forms, 282. 

Bailey, 102, 615. 

Ballota nigra, 284. 

Bananas, red, 112. 

Barbarea vulgaris variegata, 283. 

Bateson, 8, 645. 

Beet, annual, 291 ; sugar, 333. 

Begonia Sedent, 322; sempetHo* 
rens, 35, 321., 

Beissner, 106. 
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Belli, 589. 

Beta patula, 604; vulgaris, 60; 

vulgaris saccharifera, 636. 
^Betula alba, 112. 

Beyerink, 626. 

Biastrepsis, 535. 

Bidens grandiHora, 35, 19S; 

partita, 78. 

Biennial plants, 291. 

Biochronic equation, 663. 
Biology, systematic, 567. 
Biscutella laevigata glabra, 62. 
Blakinghem, no. 

Bluebottle. Sec Centaurea Cya- 

HUS. 

Boehmeria biloba, 69. 

Bonnier, 59 ; and Plot, 636. 
Borradaille, 591, 606. 

Boskoop, 91. 

Brassica Napus oleifera, 298. 
Braun, 112, 326, 531. 

Brien, on beets, 294. 

Brooks, 670. 

Bruyning, 335, 

Buds on leaves, 70. 
Bud-variation, in, 122, 131, 138, 
I54i 617; on variegated plants, 
273 - 

Burbank, 594. 

Burck, 612, 597. 

Burkill, 330. 

Cactus Dahlia, 16. 

Calceolaria, 225; pcloric, 323. 
Caltha palustris, 22, 28. 

Camellia japonica, 22. 

Campanula Persicifolia alba, 83; 
pyramidalis alba, 83; rotundi- 
folia, 33. 310. 

Cannabis sativa, 359; tricotyls, 
426. 

Capsella Bursa Pastoris apetala, 
97; Heegeri, 96,^331- 
Carlina acaulis, 59. 


Carlson, 605. 

Carnation, wheat-ear, 92. 

Carpinus Betulus, 629. 

Carri^r^, II, 57, III.. .. 

Caruel, -605. 

Caspary, 70, 506. 

Castanea vesca, 572; variegata, 
274. 

Casuarina quadrivalvis, twisted, 
539 . 

Catacorolla, 15. 

Catananche coerulea alba, 84. 

Cattaneo, 609. 

Caulesccns, 59. 

Celakowsky, 28. 

Cclosia cristata, 33, 337, 489, 497, 
517; variegata, 116. 

Centaurea Cyanut^ 117, 330. 

Centranthus macrosiphon, 460, 

458. 

Cephalotaxus pedunculata, 109. 

Cereals, 335. 

Characters, antagonistic, 7; be- 
ginnings of, 6n; hereditary, 
567 ; latent, 18, 148 ; semi- 
latent, 19; specific, 588; use- 
less, 588; varietal, 588; vicari- 
ating, 648. 

Chelidonium majus, double, 324; 
laciniatum, 86; latipetalum,S6. 

Chenopodium album, tricotyls, 
386. 

Chlorotic branches, 281. 

Chromosomes, 6 i 0 . 

Chrysanthemum coronartum, 82, 
85, 195 ; C. album, 84 ; inodorum, 
161, 284; inodorum plenissi- 
mum, 184; ostrich-feather, 16; 
Parthenium, 270; segetum, 161, 
289. 

Citrus hybrids, 621. 

Clarkia pulchella, 144, 289; car- 
nea, 85 ; tricotyls, 429. 
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Clover, crimson, 229. 

Cochlearia Armoracea 7 >anegafa, 
278. 

C^pKAYNE, 605. • 

Cockscomb, 33*517- 

Coifea arabica, terminal leaf of, 

* 377. 

' Combs, 494. 

Conn, 608. 

Convolvulus tricolor, ^20, 

Cope, 663. 

Coreopsis tinctoria, 15, 82. 

Coriandrum sativum with pitcher, 

465. 

Corn marigold, 161. 

Correlation of anomalies, 234. 

CORRENS, 591. 

Corylus Avellatifi, 112. 

Cotton, 30. 

Crepis biennis, fasciated, 509. 

Crosses, fertility of, 648; recip- 
rocal, 597; types of, 576; uni- 
sexual, 577. 

Crossing, 16. 

Cryptomeria japonica monstrosa, 
495 ; japonica spiralitcr fal- 
cata, 619. 

Cucumis sativus, 70. 

CuiNOT, 645. 

Curve, dimorphic, 165; many- 
peaked, 523. 

Cyclanien persicum, 22. 

Cynips Kollari, 269. 

Cynoglossum ofUcinale bicolor, 62 

Cypripedium caudalum, 220. 

Cytisus Adami, 622; Laburnum, 
225. 

Dahlia, 116; cactus, 16; green, 
91 striata nana, 82 ; variabilis, 
458; variabilis hstulosa, 100; 
variabilis virididora, 90. 

Daniel, 626. 


Daphne Mezereum album, 63. 
Darwin, George, 667. 

Datura Stramonium X D. laevis, 
620. 

Daucu^ Carota, annual, 299. 
Davenport, 8. 

De C^vNdoixe, Alphonse, 32, 61, 

589. 

De Candolle, Casimir. 69 
Degressive, 71 ; mutations, 575. 
Delage, 615 
Delphinium, 113. 

Dflpino, 60, 558. 

Diauthus barbafus, 285; barha- 
ius torsus, 550, Caryophyllus 
spkatus, 92. 

Digitalis lutca, 497; parviAora, 
83 ; purpurea monstro 222. 
Dihybrids, 586. 

Dingler, 495. 

Dipsacus, fullonum, 562; lacinia- 
tus, 541 ; sylvestris annual, 295 ; 
sylvestris torsus, 529. 

Discoidca, 79. 

Double flowerheads, 194. 
Dounet-Adanson, 621. 
Dracocephalum moldavicum, 3O9, 
386; speciosuni, 368. 

Driesch, 642. 

Dubois, 668. 

Duration of life, 666. 

Election, 610 
Elementary species, 65 
tlements de Vespdee, 61. 

Elite races, 610. 

\mpetrum nigrum, 63. 

Ensink, 550. 

Epilobium hirsutum, 328. 
Equation, biochronic, 663. 
Equisetum Telmateja, twisted. 

538. 

Ericaceae, 95. 
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Erigcron bcUidiHorus, 498. 
Ernst, 94. 

Erodium cicutarium album, 84. 
Emalxptus Globulus, 31 1 
Euphorbia exigua, 60; ipecacu- 
anha, 605. 

Euthymorphose, 605 
Eversporting variety, 21. 
Evonymus japonica, 504. 
Explosions, 657. 

Fagus sylvatua, 370; hyncotyE, 
462. 

I'asciatcd growing point, 493 
Fasciation, 463 , in eversporting 
varieties, 508; in half races, 
502 , plane of, 518, radiate. 497 ; 
ring, 496. 

I'erns, crested. 337. 

1^'ertili/cation, 61O. 

Ficus rcUgiosa, 18. 

Max, 85. 

Mecked leaves, 267. 

1'lot, 636 

Flowers, doulde, 195 
Fluctuating \ 'irialnhu , 645 
h'ockE, 596. 021 

honna alpcstns, 59, gcniiiiuj,(>Q. 
i’ormation of species, (>()i ; de- 
gressise, 71 

h'orms, derived, 64; homononi- 
ous, (>4 

J' rumen turn, 594. 

Galcobdolon lutciim, 226. 

Galium Aparinc, 537; twisted, 
531 ; verum, 537 
Gallesio, 614. 

Galls, variegated, 269. 
Gxrjeanne, 31. 

(iARTNER, 582. 

(iElKlE, 667. 

Genista Gcrmani^a, 62 


Gcntiana punctata concolor, 62. 
Geological periods, 651. 
Geranium molle fasciatum, 522, 
pra tense, 119. 

(iERASSiMow, 642.“ 

Gesnera Geroltiana, 377. 

Gcum intermedium, 635; urba- 
num, 280; variegated, 287. 
Glcditschia sinensis inermis, loi. 
Gloxinia superba, 15, 22. 

Godetia amoena, 84. 

Goebel, 26, 71, 92, 106. 

Goethe, 588. 

Gold-green variety, 270. 
Gooseberry, 63. 

Gravis, 664. 

Groom BKiJK^E, 116 
Gymnospernis, 495 
Gypsophila panuulala, 553. 

Half race, 21; twdsted, 541. 

1 Iansemann, 642 
Harsh BERGER, 605 
I/cdcra Helix varlcgata, 284. 
Heeger, 96 
Hein RICHER, 28, 107 
Hein sirs, 166, 285 
Ilelianihemum, 622 
IJclianthus annutis syncolylcus, 
466; tiibcrosus^soS’, variegated, 
287. 

llcluhrysum bractcatum, 115; 

tricot) Is, 430. 

Helmholtz, 668 
Ifekoingia rusciilora, 69. 
Hcmi-syncotyly, 457. 
Hemi-syncotylous race, 476. 
liemi-tetracotyl, 346. 
Hemi-tricotyl, 346, 359. 

Herbert, 593. 

Hereditary coefficient, 545. 
Hesperis matronalis, 136. 
Heterogenic development, 603. 
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HeuzI:, 298. 

Hibiscus moscheutos, 605. 
Hieracium umbellatum^ 498. 

fllLDEBR\ND, Sg. 

Hilversum, 643. 

Hoffmann, 76. 

Hofmeister, 14, 83, 201. 
Holmboe, 81. 

Hornmeal, 4S3* 

Hortensia, 112. 

Hubrecht, 604. 

Huxley, 66$. 

Hyacinthus orientalis, 70. 
Hybridization, 72; in twisting, 
562. 

Hybrids, generic, 593. 
Hyoscyamus pallidus, CS5. 
Hypericum perforatum, 33 
Hypocotylous buds, 70. 

Hyssopus oMcinalis albus, 84. 

Idioplasma, 634. 

Impatiens balsami, 115. 

InermiSj 62. 

Instinct, 6n. 

Intermediate races, 7, 25. 

Iris pallida abavia, 107, Pscuda- 
corns, 82; .Yiphioides, 11 j;. 

JOHANNSEN, 633. 

Jorda’n, 590. 

Kassowitz, 615. 

Keller, 633* 

Kelvin, 666. 

Kerria japonica, 112; varicgata, 
274- 

Kickx on pitchers, 323. 
Klebahn, 53 1 • 

Koken, 661, 

Kolliker, 603. 

Korschinsky, 600. 

Krasan, 58. 


Krelage, 198. 

Kuyper, 610. 

Lagerheim, 498. 

Lamtum album niaculaium, 226; 

variegated, 287. 

Larkspurs, 113 
Latency, 66. 

Latent i'haracters, iq. 

Lauren'^, 605. 

Lauterborn, 606. 

Lavandula Spica, 60. 

Leaves, peltate, 69; split, 556, 
teniiiiial, 377, variegated, 265. 

I Lecoq, 652. 

Lemoike, 16 
Le Monnier, 562. 
l^KNECEK, 32. 

I.conurus Catdiaca, 225.. 

Lihum candidum plenum, 89. 
Lmic-trec, 32. 

Ltmosclla aqualica, 59. 

Linana vulgaris, 31, 289; pelorui, 
201. 

laNDEMlJTH, 625 
Linuley, 61. 

Linear variability (109. 
Linnaei’S, 6«) 

Ltnum usitalissimum album, 84 
Lobelia syphilitica, 84. 

Loliutn perenne ramosum, 32 
LuDViiG, 8, 167. 

Lunaria biennis, variegale^l, 284 
Lupmus arborcus, 605; lutcus 
225; twisted, 322. 

Lyc’ Its chalccdonica a'ba, 84. 

diaua, 581; vcspcrtimi, 97 - 
Lynch, 82. 

Lysimachia vulgaris, 3 i'^- 

Mac Dougal, 601. 

Mac Faklans, 577- f>05. 63! 
Madder. 493 
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Madia elegans, 85. 

Magnolia obovata, pitchers, 27, 

32^. 

MARLifeRE, 633. 

Material vehicles, 631. * 

Matricaria Chamomilla discoidea, 
81 ; {lore plenissimo, 187. 
Mayer, 600. 

Medicago lupulina, 232. 
Mclampyrum pratense, 225; tct- 
racotyls, 375. 

Mclilotus coerulea monophylla, 

87. 

Mendel, 576, 645. 

Mentha aquatica, 220. 

Mcrcurialis annua, 460, 572 ; spi- 
ral torsion, 464; syncotyl, 463; 
tricotyls, 428. 

Middle race, 21. 

Mmulus, 612. 

Moll, 541. 

Monocotyledons, 66. 

Monohybrids, 585, 

Morgan, 604. 

Morren, 320. 

Muller, Fritz, 30. 

Muller, H,, 82. 

Munting, 187. 

Murr, 81. 

Muscari comosum plumosum, 612. 
Mutation, degressive, 569 ; period, 
652; progressive, 569; retro- 
gressive, 569; vegetative, 619. 
Myosotis alpestris, 86; alpestris 
compacta,27i ; asorica Victoria, 

330. 

Myosurus minimus, 330. 

Nageli, 578. 

Naudin, 62a 

'Seflier de Bronvaux, 625. 

N eo-Lamarckism, .60 1 . 

Nestler, 495. 


Nicotunia, 594. 

Nilsson, 604. 

Pfitella syttcarpa, 94. 

Nitrates, manuringrwith, 453. 

Noll, 60S, 612. 

Nutrition, increased, 307. 

Oats, sterile, 612. 

Oenothera Berteriana, tricotyls, 
415; glauca, tricotyls, 454»458; 
hirtella, 346; hirtella tricotyls. 
423 ; Lamarckiana, sectorial 
variegation, 285; Lamarckiana, 
variegated, 273, 285; rubrincr- 
vis, tricotyls, 384; ruhrinervis, 
variegated, 285. 

Oil plants, 298. 

Onagra-ptnod, 65^n 

Origin, polyphyletic, 233. 

Orobanche Galii, 255 

Pangenesis of Darwin, 631. 

Pangenes, 641, 643; groups of, 
647; new, 649; new types of, 

645. 

Papaver Argemone, 30; com- 
mutatum, 33, 243 ; commutafiim 
polycephalum, 575; nudicaulc. 
1 15; nudicaule aurantiacum, 
200; Rhoeas, 289; Rhoeas, tri- 
cotyls, 358, 435; rupifragum, 
yellow seedlings, 289; sbmni- 
ferum Daiicbrog, 85 ; somni- 
ferum polycephalum, 14. 

Paul, William, 12. 

Pearson, 8. 

Pcdicularis palustris, 507. 

Pedigree, 653. 

Pelargonium, conale, green, 92. 

Pcloria ancctaria, 203. 

Pelorias, heritable, 220. 

Penstemon gentianoides, 359. 

j Pentacotyl, 346, 357 « 

I Penzig, 230. 
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Periodicity, 44, 323, 6 s\. 

Periods, susceptible, 6^7. 
Petalomatiia, 92, 243. 
^etalomanoug types, 7. 

Petunia, 338; double, 200. 
Peyritsch, 225. 

Phacelia tanaceti folia, tricot>j , 

436. 

Phaseolus coccineus, 293; luna- 
tus, 605; mulhiiorus, 70, 293, 
501. 

Phlox Drummondi alba, 84. 
Phosphates, manuring with, 453. 
Phylogeny, 651. 

Picris hieracioidcs, 458. 

Pinus Abies aclada. 63, 93. 

Ptntis sylvestris, 327. 

Pitchers, 18, ^48, 464. 

Plantago lanccolata ramosa, ^48; 
lanceolatOf vsplit ears, 506; ma- 
jor /, bracteata, 32; major 10- 

sca, 33 

Plate, 602, 608. 

Poa alpina vivipara, 23. 
Podocarpus Koraiana, no. 
Polcmonium disscctum album, 
84. 

Polygonum Convolvulus, trico- 
tyls, 389; tri-syncotyls, 461; 
Fagopyrum, 280. 

Polyhybrids, 586. 

Potato seeds, 309* 

Potcntilla anserina, 318 ; ai cnaria, 

PRAIN, 18. 

Prehn, 83. 

Premutation, 57 r, 649 
Piimula sinensis, 22. 

Progressive mutations, 576. 
Proskowetz, von, 604. 

Prunus, 605. 

Pyrethrum Parthenium, aurcum, 
7; roseutn, 199. 


Quercus scssibflt^ra albo-varie^ 
gata, D37. 

Ra\T2, 606 

! Raefs, balanced, 8; half, 574; in- 
constant, 574; intermediate, 8, 
574 ; non-isolable, 227 ; spirally 
twisted, 543 ; Miororghbred, 
422. 

Ranunculus acenitifolius, 59; ar- 
rii, 93 ; acris pctalomaua, > ; 
arvensis. 62; arvensu tnernm, 
98' auricomus, 32; hv^hosus, 
fasciated, 490: buibosus scmi- 
flcnus, 243. 

Raphauus Raphmiistrum, 15; co- 
ty!~piiohe., 460. 

Red berries, 63. 

P /NKF, 106 
Reseda odorata, 13. 

Retiiiospora, \o(k 
Retrogressive, 576; mutations, 

645 

Reversions, in. 

Rhus typhina. 627. 

Ribes Gordonianum, 595. 

Rimpat^ 94, 292. 

Robinia Pseud- Acacia, 

Ros/^, (joiu f>59. 

Rubia tir.ctorum, 493; spiral, 54Q 
Rubus fnttuosus laciniatus. 640; 
variegated, 275 

Rye, perennial, 204; "^pht ear > of. 
489; sterile, 94 

Sageret, 621, 

Sagittaria sagititfolia, 310 
Salix aurita, 323- 
Salter, 12. 

Salvia sylvestris alba, 84. 

Sand l)cd culture, 30S 
Sarothamnu^ scoparius, 605. 

S A VAST A NO, 615. 
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Saxifraga decipiens, 320 ; urn- 
brosa, 70. 

Scabiosa alba, 83; atropurpurea, 

• 3f2, 553. 

ScHUZ, 606. ^ 

SCHROTER, 63. 

Scirpus lacustris, 70. 

Scrophularia nodosa, 289; trico- 
tyls, 407. 

Sectorial plants, 145; variation, 
620; variegation, 276. 

Scdum redexum cristatum, 513. 

Seedlings, yellow, 289. 

Seeds, choice of, 332 ; of atavists, 

5 16. 

Segregation, vegetative, 619. 

Selection, double, 545. 

Scmi-latent characters, 19. 

Scnccio Jacobaca, 81. 

Sexual relationship, 592. 

Sieve of natural selection, 610. 

Silene Armeria alba, 84; Armeria 
rosea, 85 ; conica, tricotyls, 389 ; 
conoidea, tricotyls, 390 ; inda ta, 
tricotyls, 437; nocHAora, 390; 
nociiAora, variegated, 287 ; 
odontipetala, tricotyls, 357. 

Sinapis alba, 460, 

Single variations, 6. 

Sippe, 591. 

SoLLAS, 666 . 

Solms-Laubach, 96. 

Sonchus palustris, 506. 

Sophora japonica pendula, loi. 

Species and varieties, 578; col- 
lective, 61, 589; conception of, 
567; elementary, 58; incipient, 
9; origin of new, 71; provi- 
sional, 592 ; sub-progressive 
formation of, 67. 

Specularia speculum, 327. 

Spencer, 633. 

Spinacia ‘tricotyls, 391. 


Spiraea sorbifolia, 505. 

Spiral torsion, 368, 463, 527. 

Spirogyra, 642. 

Standfu§s, 657. 

Stellaria ^ramineU aurea, 271; 
Holostea apetala, 96. 

Stirp, 590, 638. 

Strawberry, “Reus van Zuidwyk,” 
101. 

Striped sorts, 267. 

Sub-_jrogressive formation of 
species, 67. 

Subspecies, 60. 

Succisa, 605. 

Sugar-beet, brown, 606; fasci- 
ated, S07. 

Svalof, 605. 

Sycios angulata, 458. 

Syncotylous intermediate races, 
466; race, isolation of, 469. 

Syncotyly, 457. 

Tammes, 502. 

Taraxacum oMcinale, 496. 

Taxus baccata, iii; fastigiata, 
98. 

Teratology, 21. 

Tetracotyl, 346. 

Tetragoniom-expansa, 32, 84, 502, 
514; forked, 374. 

Tetrapoma, 331. 

Teucrium Folium, 60. % 

Thoroughbred races, 423. 

Thymus serpyllum, variegated, 
271. 

Time, biological, 666. 

Tomatoes, 102. 

T orenia, 612. 

Torsions, heritable, 527; local, 
558; rare spiral, 537. 

Tracy, 605. 

Tradescantia repens, 279. 

Transgressive variability, 466, 
600. 
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Transitional f6rms, 6oi. 
Transportation hypoth^s's, 635. 
Tricotylous internwidiate race‘', 

‘ 393 ... • 

Tricotylous faces, isolation of, 
422. 

Tricotyls from bought seed. 380 
Tricotyly, partial variability of, 

444. 

Tri folium incarnatui*% 289; in- 
carnatuin quadrifolium, 227; 
pratense, 289; pratense, pin- 
nate leaf, 231 ; pretense quin- 
que folium, 36; re pens perum- 
bellatum, 317. 

Tropaeolum, tendril, 605. 

Tulips, striped, 115. 

Twisted plants, 527. 

Vlmus campestris variegate, 625, 
636, 

Uni-sexual, 577. 

Units, number of, 598. 
Uropedium Lind^nii, 220 
Urtica urens, 553. 

Vaccinium, 95. 

Valeriana alba, oMcinalis, 

527. 

Variability, fluctuating, 608; in- 
crease in, 9, 14. 

Variations, germinal, 619? paral- 
lel, 67; sectorial, 122, 201 ; taxi- 
nomic, 69. 

Variegated leaves, 265 1 plants, 
272, 628. 

Variegation, sectorial, 285. 


Varieias aurea, 7, 270; bicolor, 
62. 

Vaiieties, derived, 60; eversport- 
ing, 8. 18; golden, 7; horiicul- 
tit^l, 58; sterile, system- 
atic, 58. 

Variety, 57, 64, 580, 584, 

v'an der Velde, 635 

\^ERLOT, 57. 

Veronica Buxbaumii, 330; lon^i- 
folia, 494, 496, 620; scutcllaia 
pubescens, 63. 

V>ria Faba, 301. 

J^tcia lutea hirta, O3. 

ViLMORiN, on striped flowers, 
IM. 

Viola tricolor maxima, 337. 

Violet, Dames', 136. 

Viscaria oculata, twisted, 551. 

Vkolik, go. 

Waagen, 662. 

Wallace, 599, 608. 

Wasmani , 656. 

Weevers, 537. 

WcigcUa amabilis, 28. 537. 

Weldon, 600. 

Wettstein, Von, 56. 293. 59 i. 
601. 

White, •%!. 

Wille, 626. 

Williamson, 13. 

Wilson, 633. 

Will ROCK, 82, 603 

Xanfhium canadense, 3't6. 

Zeiner Lassen, sos. 





